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ABSTRACT
Photographic processing and lithographic printing reproduction are two different
processes. In photography, the transparency reproduces the original scene in continuous
tone. Whereas, in lithographic printing, the reproduction is a result of an all-or-nothing
process. A transparency may have a tonal range that exceeds the range that can be
reproduced in lithographic printing. So tone compression is performed on transparencies
that exceed the tonal range for printing. Avoiding tone compression during lithographic
production results in considerable savings in cost and time. One of the methods to reduce
tonal range is for the photographer to understand the relationship between emulsion
flashing and the tonal range of transparencies. Flashing is the process of projecting non-
image white light to the film emulsion either before or after exposure, but prior to
processing.
This study investigated the relationship between flashing and exposure for a
transparency which would reduce its tonal range and make it suitable for printing. The
hypotheses under investigation were: (1) it is possible to flash Ektachrome transparency
film by a predetermined amount of light to produce a desired reduction in the tonal range of
a transparency, making it more acceptable to the printing range of lithographic printing
when using coated paper; (2) the post-flashing technique produces the most acceptable
result in achieving the desired tonal range as compared to the pre-flashing technique; (3)
the flashing technique produces the same result in a transparency as the image prepared by
the use of adjusting the lighting ratio in measured photography.
An experimental investigation was conducted. A setup consisting of standard scales
2was photographed at various exposures and different degrees of flashing. The photography
was performed using a 4X5 camera. The setup was illuminated at
45
angles by means of
two strobe lights. Exposure was controlled by altering the aperture opening of the lens or f-
stop. The degree of flashing was determined by pre-exposing or post-exposing the
Ektachrome transparency film emulsion to non-image white light through sheets of
parchment paper placed at a distance of three inches from the camera lens. The amount of
light that could reach the lens during flashing was controlled by varying the number of
sheets of parchment paper. Thirty-two transparencies were photographed. The
transparencies were processed by E-6 process. The tonal ranges of the transparencies were
measured by means of a transmission densitometer. A visual test was conducted to
determine the visual appeal of the transparencies by professionals in the field of
photography and printing.
The outcome of the experimental investigation showed that the tonal range of a
transparency is reduced when the film emulsion is flashed. The results suggest that pre-
flashing by an amount of a little over one-third of the light required for normal exposure
and then exposing the film to the subject or setup at one and a half stop below the normal
exposure produces transparencies that have a tonal range within the limits of lithographic
printing and that are visually appealing. It was also shown that pre-flashing the film had a
greater effect on reducing the tonal range than post-flashing. Moreover, the flashing
technique was compared with methods used to reduce the tonal range by adjusting the
lighting ratio. Based on these results, the first hypothesis was confirmed, the second was
rejected, and the third was qualitatively accepted.
CHAPTER I
INTRODUCTION
Professional photographers are constantly concerned with the problem of
photographing transparencies for photomechanical reproduction. Almost all photographers
agree that they are handicapped by the printers. They can substantiate such a claim by
comparing their originals to the published reproduction. The difference in quality between
the reproduction and the original goes across the board from the shadows to the highlights,
including the midtones. Such loss is not limited to black and white, but also includes color
reproductions. Photographers often complain that the colors are not as vivid and pure as
that of the original transparency.
One must not expect that a lithographic reproduction will look exactly like the
original transparency. A transparency is viewed by having the light going through it, while
a lithographic print is viewed by light reflected from the substrate after going through the
inks which causes a scattering of the light. Photographers should be realistic by not
demanding a lithographic reproduction equal to the original transparency. Demanding a
matching result to the original transparency will cause an overall loss of quality from the
highlight to the shadow areas. To a photographer, the term print quality refers to an exact
reproduction of his/her original with respect to hue, value, and chroma (Minolta, 1991). On
the other hand, to a printer, print quality refers to the reproduction on paper of the
halftone image from which the print originated (Pobboravsky, 1987).
Many photographers consider their craft as an artistic profession with high reliance
on individual skill and ability. Often, individual photographers generate their own remedies
to rectify what they consider as the printer's inability to reproduce their originals faithfully.
Not based on scientific research, often these remedies produce the opposite results. To
illustrate the counter effect of one of these remedies is the common belief that the wider the
tonal range of a transparency the better the final result. Printers paradoxically disagree with
such a belief, and they are righteously supported by experience and scientific research.
Previous research addressed the process of reducing the tonal range of
transparencies by direct manipulation of the setting photographed (Sinar, 1987).
Controlling the lighting of a set is a way to reduce the tonal range, nevertheless, such an
avenue is not always possible. Not enough lighting, large sets, time constraints, sets that
cover large varieties of colors from extreme light colors to extreme dark colors are some of
the reasons justifying this research venture.
The solution investigated in this research is termed by photographers as flashing.
Flashing is commonly defined as a process of projecting non-image white light to the film
either before or after exposure, but prior to processing. Flashing originated in the motion
picture industry to reduce the contrasty nature of the positive film used. Night scenes in
particular were helped by the use of flashing in showing the scene's fine details. Post-
flashing is used as a remedy to salvage the underexposed scene by adding more light to it.
Flashing can be implemented by an opaque white backlit surface, or it could be
sidelit using two spot lights aimed at the white surface at
45
angles. The film is loaded in
the camera and focused at the white surface where the film is exposed to the white surface.
If the camera used is 35 mm, 120 mm, or any other small format, a rewinding of the film
3takes place. Large format cameras such as 4X5 or 8X10 may also be used to flash the film
sheets one at a time. Flashing can also take place by using a darkroom and an enlarger,
where the enlarger acts as a light source. In general, any method that applies a
predetermined amount ofwhite light to the emulsion side of a film surface could be defined
as flashing.
Some photographers claim that flashing prior to exposure (pre-flashing) is superior
to flashing (post-flashing) after exposing the film. Their justification is that pre-flashing
causes an even amount of white light to be distributed on the three color layers that
compose a transparency. On the other hand, the light applied to the film during post-
flashing can be blocked by the original exposure from deeply penetrating into the three
color layers causing a shift and decrease in the saturation of color.
Tonal range research is an important issue that should be understood by
photographers. Companies that manufacture instruments to be used by photographers,
such as cameras and flashmeters understand the importance of such an issue. For example,
in 1987 Sinar Corporation conducted and published research to be used by photographers.
Even though their research is linked to Sinar products, it is valid because it is based on
scientific procedures and principles. Sinar's publication advocates minimizing the tonal
range to maximize a closer reproduction to the original scene, which is, a shorter tone
transparency.
Sinar's approach to such an issue is to actually manipulate the scene to be
photographed. Sinar's solution took place by using a Sinar flashmeter positioned on the
ground glass of a 4X5 camera. The flashmeter measured the various exposure values of
light indicating the effect of knowing these values on the final results. Their experiment
proved that the smaller the difference between the flashmeter exposure values, the better the
4final lithographic print. Sinar's solution, though accurate, is limited to the situations where
photographers have total control on the scene to be photographed. Other avenues must be
pursued for situations where the photographer does not have total control such as a
situation where the area to be photographed is so large that lighting is laborious and cost
prohibitive. A factory, a cave, a deep forest, underwater locations are some of the examples
of areas that are beyond the photographer's control.
This research undertakes a different approach to help in reducing the tonal range of
a transparency. It investigates the possible modifications that can be applied to the
transparency via flashing its emulsion. A transparency emulsion is a jelly-like material that
holds silver crystals. The emulsion and the crystals are suspended in a layer, or layers of
gelatin which is the cause for sustaining a uniform, even, and stable composition in three
dyed color layers (Loekle, 1980). The flashing process is used to make the transparency
best fit in the production process of lithographic printing by reducing the tonal range to four
f-stops.
PURPOSE OF STUDY
The purpose of this research project was to determine the effects of flashing on the
tonal range of an Ektachrome transparency film. An optimum relationship is defined by
the maximum reduction of tonal range of a transparencywith minimum effect on the quality
of the color reproduced. Tonal range is the difference in the amount of light between the
brightest highlight to the darkest shadow of a scene, providing the two extremes hold
details. Tonal reduction is implemented if the tonal range exceeds four f-stops in the
original. A four f-stop range is the maximum for which no tone compression is needed in
the lithographic printing process. This study addressed the necessary conditions (as far as
exposure, degree of flashing, and whether to post- or pre-flash are concerned) to enable
photographers to determine the amount of flashing required for producing a photograph of
a scene with a range as close as possible to four f-stops.
This study used a flashing technique to establish a system that can be used in the
production of more suitable Ektachrome transparencies for lithographic printing. The
benefits of such a system are not only limited to the introduction of a standardized flashing
technique for photographers, but also to facilitate communication channels between
photographers and graphic printers.
CHAPTER II
STATEMENT OF THE PROBLEM
Photographic processing and lithographic printing reproduction are two different
processes. In photography, the transparency reproduces the original scene in continuous
tone. Whereas, in lithographic printing, the reproduction is a result of an all-or-nothing
process, either the press puts down a coat of ink on the paper or it does not. The various
tones in an original are represented by equally spaced dots of different sizes. The tonal
range is achieved by controlling the size of the dots. This representation produces an optical
illusion in which the human eye takes in the dots and blends them into a more or less
smooth image (Faux, 1973). The conversion from a continuous photograph into four
halftone images is performed by reading the original with a high-beam laser scanner
(Dejan, 1990). After scanning, the size and original tones may be adjusted to produce the
most pleasing reproduction (Bruno, 1986).
About 30% to 40% of the density information in the original transparency can be
lost when it is reproduced in lithographic printing (Sinar, 1987). The limitation of
lithographic print color separators is that information spread in the wider tonal range of the
transparency is sacrificed. The wider the range of the transparency the more the sacrifice
made on the lithographic print. Conversely, the smaller the range the less the sacrifice
(Sanders, 1980b).
Photographers use f-stop to measure light intensity using a flashmeter. In a typical
photograph, the difference between a highlight and shadow area can be 5 f-stops. This
photograph is said to reflect a 5 f-stop range. An f-stop unit is numerically equal to the ratio
of the focal length of the lens to the diameter of its f-stop opening (Boucher, 1968).
Commonly used, the f-stop is a determinant of the amount of light that is needed to produce
a film exposure that accurately represents the scene photographed.
Printers measure the amount of light that goes through a transparency or is reflected
by the printed page using density units, as measured by a densitometer (Southworth,
1981; Tobias, 1989). A reflection densitometer is used for prints and a transmission
densitometer is used for halftone films and transparencies. The density unit refers to the
amount of dye or pigment in the transparency or on the printed page, therefore, it is
inversely proportional to the reflectance (R) of the print, or transmittance (T) of the
transparency. Density increases as the amount of light available from the sample decreases.
Density is usually expressed as a logarithm to the base 10 in order to produce numbers that
relate to what is seen:
density = log _J^_ for a print
R
density = log JL_ for a transparency
T
The light absorbing power of samples is measured by illuminating a small spot on
the sample and measuring the light that is either reflected from the print or transmitted
through the transparency. During a calibration step before the sample is measured, the
8densitometer measures the amount of light that will fall on the sample. Reflectance is the
ratio of these two quantities. Transmittance is exactly the same idea except it applies to the
light transmitted through a sample. Densitometers display density at the push of a button
(Crouse, 1989; Esler, 1989).
One f-stop is equal to 0.3 density difference measured in the transparency plane,
i.e. after film processing. To convert f-stop into density units the following conversion
equation is used:
density unit = 0.3 * f-stop
So 1.8 density units correspond to 6 f-stops (1.8 / 0.3) measured in the developed
transparency.
In general, the highest possible density that can be reproduced by a lithographic
press is around 1.8 density units (or 6 f-stops). However, a transparency may carry a
range of 2.8 density units (or slightly more than 9 f-stops). Therefore, there is 1.0 density
unit (or approximately 3 f-stops) which must be sacrificed by the printer since it cannot be
accommodated by the 1.8 density range of the press. The common practice in printing is to
compress the density units by one of the following methods: compressing the highlight
areas (see Figure 1); compressing the midtone areas (see Figure 2); compressing the
shadow areas (see Figure 3).
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Figure 1. Compressing the Highlights
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Figure 2. Compressing the Midtones
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Figure 3. Compressing the Shadows
For optimal results in lithographic printing, the transparency tonal range should not
exceed four f-stops, due to the limitations imposed by the printing process. Unfortunately,
most photographers are unaware of this fact, and even for those who are aware of it are
often unable to remedy the situation. Studio settings and suitable lighting equipment make it
easy for photographers to maintain the required range. Outdoor photography and
on-location portraiture are two examples of situations that do not lend themselves to the
photographers'
manipulations.
One of the methods to reduce tonal range is for the photographers to understand the
relationship between flashing and exposure of transparencies because both variables can be
controlled. The research problem investigated is to find the optimum combinations of
flashing and exposure of a transparency that would reduce its tonal range and make it
suitable for printing.
11
HYPOTHESES
The hypotheses under investigation are as follows:
1 . It is possible to flash Ektachrome transparency film by a predetermined amount of
light to produce a desired reduction in the tonal range of a transparency, making it
more acceptable to the printing range of lithographic printing when using coated
paper.
2 . Thepost-flashing technique will produce the most acceptable result in achieving the
desired tonal range as compared to thepre-flashing technique.
3 . The flashing technique will produce the same result in a transparency as the image
prepared by the use of adjusting the lighting ratio in the four f-stop technique
(measured photography).
12
CHAPTER III
LITERATURE REVIEW
Photographers who see their photographs in print for the first time are often
disappointed to see that the print is not an exact reproduction of their original. As Norman
Sanders stated (1980a):
What you expected to see as glistening highlights were gray, veiled-over
values. What you expected to see as strong, vibrant shadows rich with
detail were just flat blotches of ink on the printed sheet. The visual effect
has been transformed from brilliant to bland, (p. 23)
It is at this stage that photographers realize that they must take into account the
limitation of the press which can only reproduce tonal ranges of around 1.8 density units
for coated paper and slightly less for uncoated paper. There are several methods which are
employed for reducing the tonal range of a photograph to make it more suitable for
lithographic printing. The first method discussed consists of simple steps which a
photographer can follow. The second method consists of controlling the lighting of a set in
order to produce smaller tonal ranges. The third method is more sophisticated and consists
ofmanipulating the film on the part of the photographer and the image assembler. Finally,
flashing is discussed.
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CHOICES MADE BY PHOTOGRAPHERS
Sanders (1980b) recommends using a large format camera. The 4X5 sheet film
requires about three times enlargement to produce the 11X14 print usually submitted. In
comparison, the 35 mm frame requires something closer to a 9 to 15 times enlargement.
Also, the 4X5 camera allows the photographer to develop a single frame at a time for
maximum control of film density range and contrast when needed.
Film speed should be the lowest possible for the situation. The lower the speed, the
smaller the film grain and since a slower film speed demands a higher level of lighting it
will force the photographer to become aware of the amount of lighting required to cover the
scene. Therefore, it will contribute, in most situations, to a smaller tonal range.
The degree of the light scattering from a photograph depends on the type of paper
being used. High gloss paper will cause less scattering than matte paper. Eastman Kodak's
publication Industrial Camera recommends Type F prints because it produces a bit more
shadow tone separation.
It is recommended that a black and white photograph should be mounted on a
medium gray rigid board of density value between 0.30 and 0.60 (Sanders, 1980b). This is
to keep the amount of flare constant. If a photograph is mounted on a white board, flare is
created which can cause an effect ofwashing out the shadows and flattening the image
contrast.
CONTROLLING THE LIGHTING OF A SET
Lighting a setup with maximum range of four f-stops (or measured photography, as
termed recently by the Graphic Communication Association) means that the difference
between in lighting between the darkest and lightest area of the scene should not exceed
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four f-stops when measured by a flashmeter. For example, a flashmeter indicating a
reading of f-22 in the darkest area and f-64 in the lightest area represents a four f-stop
range. The aperture lens settings required, in this example, for measured photography are
illustrated in Figure 4. A photographer can set the exposure for either the extreme light area
by using a setting of f-64 or for the dark area by using a setting for f-22. However, if the
photographer wants his/her lithographic prints to hold details at both extremes, then an
exposure that is in the mid-tone area between the two extremes would be most appropriate.
Figure 4. Aperture Lens Settings
When the flashmeter indicates a tonal range exceeding four f-stops there are several
methods of reducing the range by controlling the lighting of a set. For example, fill-in light
may be used for shadow areas and softer illumination can be applied. Also the reflectivity
of the surfaces of the set may be modified in order to alter the tonal range. Sinar (1987) has
conducted several experiments by varying the lighting positions of a studio setup in order
to control the tonal range of a transparency.
The first experiment consisted of creating lighting conditions for a maximum range
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of four f-stops. This range produces the most suitable transparencies for printing as these
are within the tonal range requirements of a lithographic press. The setup used is shown in
Figure 5.
Figure 5. Lighting Situation for Four f-Stops
For the second experiment, the same subject was lit under reduced lighting
conditions by removing the side light, as shown in Figure 6. This caused the tonal range to
be increased to a range of five f-stops.
0
*
*y
Figure 6. Lighting Situation for Five f-Stops
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An increase to a five f-stop tonal range can cause a problem for the printer, since
he/she has one extra f-stop which must be sacrificed by compressing either the highlight,
shadow, or midtone areas. The reason for the compression is that the tonal range of a
transparency may be as much as six f-stops, whereas the maximum range required for the
best results in lithographic printing is four f-stops. Figure 7 shows a scale illustrating a
seven f-stop tonal range. A five f-stop range is from -3V3 to +22/3. A measured
photography tonal range is from -2 to +2.
transparency tone range
printing tone range
4 -c
1
1 -2 - 1 0 +1
I
+2 +3
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4
Figure 7. Transparency and Printing Tonal Range (from Sinar Info 31, 1988)
17
For the third experiment, the lighting was further reduced by eliminating the light
reflectors from the setup, as shown in Figure 8. This caused the tonal range to be further
increased to six f-stops. In this case there are two additional f-stops more than the range
allowed by the lithographic process.
( > toe8JB81
Figure 8. Lighting Situation for Six f-Stops
These experiments performed by Sinar were made to justify the use of their
flashmeterwhich measures the f-stop value on different locations on the ground glass of a
4X5 camera. The Sinar experiments are by no means limited to a large format camera, any
format size will provide the same results (including 120 mm or 35 mm cameras). Sinar, in
their catalog, were advocating the use of their probemeter that can be used on the ground
glass of a 4X5 camera. A photographermay test by the use of a flashmeter on several spots
of the studio set-up and he/she should end up with the same results.
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CHEMICAL REMEDIES
Examples that fall into this category include alterations in the development process.
The density of color reversal films (such as Kodak Ektachrome) can be pushed one f-stop
by increasing the E-6 process developer time from 6 to 8 minutes (Sheldon, 1985).
However, such process only increases the graininess and moves the tonal range from the
highlight portion to the shadow portion. Hence, every portion of the tonal range can be
affected by the formation of a stable but undeveloped latent image (Bonoli et al., 1981).
If the transparency film used is black and white, then the tonal range may be altered
by chemicals known as intensifiers and reducers. If the transparency is flat, meaning that
there is no contrast in the dark areas of the transparency, then it should be immersed in the
intensifier solution. The intensifier adds silver specks to the emulsion, thus increasing its
contrast. On the other hand, if the transparency is too dense, the reducer solution can be
used to bleach the silver halides, and therefore, reducing the film density to an acceptable
range.
At this point, a clarification must be made. The terms contrast and density are not
interchangeable. Density is a result of a chemical photographic development process,
whereas, contrast is a result of exposure. The two methods mentioned above deal mainly
with the density and not the contrast. In otherwords, it is an all-or-nothing process, where
either all of the areas are affected or none at all. Photographers prefer to be selective by
using a mechanism that increases or reduces the contrast in specific areas of the
transparency. Therefore, using chemical remedies are not highly used to reduce overall
tonal range. Many prefer the use of light in controlling the tonal range, hence the use of
flashing techniques.
19
FLASHING TECHNIQUES
Some photographers resort to limited flashing techniques, however, most tend to
minimize the use of flashing because of the fear that the pre-exposure effect on the silver
halides will cause a continuous reaction. Experimental calculations show that such a
continuous growth does not take place (Moisar et al., 1977).
In the graphic arts industry, determining the two extremes of highlight and shadow
is done by the use of scales. One of these scales is RIT Highlight/Shadow Scale, which is
composed of eight halftone units with a solid at its center. This scale determines the
minimum and maximum dot the printing system is capable of holding in both the highlight
and shadow areas. The use of the RIT Highlight/Shadow Scale deals with tonal range that
is relevant to the scanning procedure when the photographer's role has ended and he/she
has no more control over the reproduction process. In contrast, this research focuses on the
photographer's role in minimizing the intervention and manipulation of the halftone
reproductions by the image assembler. The prefened role for the photographer is to provide
the color separator with an original more suitable for printing. Also, the photographed
scene will be reproduced much more to the liking of the photographer and his/her client.
Moisar and his colleagues (1977) have revealed that pre-exposing the film to white
light increases the surface and the internal speed of the emulsion. This includes the
pre-exposure of small silver specks will make them act as hole traps. These hole traps
decrease the chance of recombination in later exposure in the highlight areas, thus reducing
the tonal range in the highlight portions. On the other hand, such hole traps made by the
small silver specks will reduce the tonal range in the low light areas by adding light where it
does not exist.
It should be understood that the implication of such an experiment is limited to the
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film used for this experiment. Such understanding is based on the Mie Theory, which links
the sizes, wavelengths and silver halide compositions of the photographic emulsions. The
Mie Theory concludes that calculating the light absorption can be misleading because of the
nature of the structure of the silver halide in different types of films (Solman, 1983). Banks
and Lawson (1981) states that overall limited exposure (or flashing) of the transparency can
be employed to control and extend the operative range. However, it is important to note that
the shadow tones can be flattened out of existence if the flashing is excessive.
21
CHAPTER IV
EXPERIMENTAL METHODOLOGY
OVERVIEW
The experiments conducted in this research consisted of photographing a setup
made up of a Kodak 20 Step Gray Scale, a Macbeth Color Rendition Chart, and Kodak
Color Control Patches at various exposures and different degrees of flashing. The
photography was done using a large format camera and 4X5 transparency sheet film. The
setup was illuminated at
45
angles by means of two strobe lights (flashes) on both sides of
the setup. Exposure was controlled by altering the aperture opening of the lens or f-stop.
Since the photography was done using strobe lights, therefore, altering the shutter
speed was not a viable method of controlling exposure. The reason is that the shutter speed
must be constant and synchronized with the speed of the strobe lights, which is V60
second. Slower shutter speeds such as V30 and 1/15 second could have been used,
however, such slow speeds can give rise to new problems such as inaccurate focus due to
camera shake. Furthermore, using shutter speeds of V6o, V30 or 1/15 second produce
identical results if the camera shake variable is controlled. The exposure of the flashes
reaches its target at V60 of a second, and the extra opening time of the lens serves no
purpose since no additional light reaches the target. When using strobe lights, the
22
flashmeter indicated that lens opening f-32 provided the normal exposure for the setup
photographed in these experiments. The normal exposure was based on the calibrated
flashmeter and the recommended and pretested film speed.
The process of flashing consists of the addition of non-image white light to an
already existing exposure. The degree of flashing was determined by pre-exposing or post-
exposing the film to white light using sheets of 240-121 Hunt/Bienfang standard weight
parchment paper to diffuse the light. The sheet(s) of parchment paper were held in place in
front of the lens by means of a diffuser attached to the camera.
To investigate the relationship between exposure and flashing f-stops of 321/2,
451/2, and 64 were used. F-stop 32 was not used because it represented the normal
exposure. F-stop 321/2 is half a stop under-exposed, i.e. darker than the normal exposure
for positive film. F-stop 451/2 is one and a half stop under-exposed. Similarly, f-stop 64 is
two stops under-exposed. F-stops 321/2, 45i/2, and 64 cause a loss of detail in the shadow
areas where flashing is most useful.
A range from one to nine parchment sheets was used to vary the degree of flashing.
The degree of flashing based on the number of parchment sheets used was related by actual
testing. The test was canied out by taking flashmeter readings at the location of the camera
lens when the two strobe lights were tired. Flashmeter readings were taken each time an
additional sheet of parchment paper was attached to the diffuser holder. The following f-
stop readings were measured starting with f-22.9 for one sheet, then 22.2, 16.6, 16.1,
11.8, 11.5, 11.3, 11.1, 11.0 as each additional parchment sheet was introduced. These
correspond to a reduction in the amount of light reaching the lens through the parchment
sheets of 71.6%, 69.4%, 51.9%, 50.3%, 36.9%, 35.9%, 35.3%, 34.7%, and 34.4%,
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respectively, as compared to the total amount of light coming to the lens at normal exposure
of f-stop 32. As can be seen, the difference between using eight and nine sheets was very
small, therefore, the range was restricted from one to nine parchment sheets to vary the
degree of flashing.
The photographed transparencies were developed normally using E-6 process.
Then the gray scale densities were measured using a Macbeth TD903 transmission
densitometer. The densities were recorded and the tonal range was computed for each
transparency. Graphs of tonal range versus extent of flashing and exposure were plotted.
These graphs allowed the observation of the effect of flashing (number of parchment
sheets) and exposure (f-stop) on the tonal range of the transparency. Also, the graphs
indicated the effect of altering the exposure of a transparency on its tonal range.
In order to determine the transparencies that are best-suited for reproducing
lithographic prints, a visual test was also performed. This test follows the common practice
where the transparencies chosen for printing are judged visually by professionals in the
photographic and printing industries. Therefore, experts in the field of photography and
lithographic printing were consulted and asked to participate in the visual test. The test
consisted of rank ordering the transparencies. The
subjects'
responses were recorded.
This chapter describes the experimental methodology by presenting an equipment
list and describing the setup. The details of the method used for controlling flashing and
exposure are described. The measurements taken are listed. Finally, a description of the
visual test is presented.
EQUIPMENT LIST
The experiments conducted in this research were carried out using the following
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equipment:
1 . Toyo-View 4X5 large format camera.
2 . Ektachrome daylight 4X5 sheet film, ISO 100.
3 . Two Sunpak (Auto Zoom 5000) strobe lights.
4 . Hasselblad diffuser and attachment.
5 . Minolta flashmeter model III.
6 . Kodak 20 Step Gray Scale (Kodak Publication No. Q-14).
7 . Macbeth Color Rendition Chart (a division of Kollmorgen Corporation).
8 . Kodak Color Control Patches.
9 . Macbeth TD903 transmission densitometer.
10. 240-121 Hunt/Bienfang standard weight parchment.
The densitometer used was aMacbeth TD903 transmission densitometerwith blue
446 nanometers, green 539 nanometers, red 644 nanometers, and visual Kodak Wratten
102 filters. The type of film used was KODAK EKTACHROME 100 PLUS Professional
Film /6105. The manufacturers specifications were as follows:
* Balanced for exposure with daylight, or electronic flash.
* Designed to produce color transparencies for viewingwith
5000
K illumination.
* A medium-speed color reversal film that provides high color saturation, and has an
excellent tonal range.
Fine grain, high sharpness, and high resolving power.
* Unprocessed film must be handled in total darkness.
* Emulsion Number: 6105-46.
Effective Speed: ISO 100.
*
*
The Macbeth Color Rendition Chart consisted of the following color names and
specifications as shown in Table 1. The chromacity coordinates are x and y, and Y is the
luminous reflectance factor based on the system of color measurement adopted by the
International Commission on Illumination (CIE) in 1931, relative to CIE Illuminant C. The
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ISCC-NBS names are designated by a method established by the Inter-Society Color
Council and the National Bureau of Standards of the USA.
No. Name CIE (1931) Munsell Notation ISCC/NBS
X y Y Hue Value/Chroma Name
1. dark skin .400 .350 10.1 3YR 3.7/3.2 mod. brown
2. light skin .377 .345 35.8 2.2 YR 6.47/4.1 It red. brown
3. blue sky .247 .251 19.3 4.3 PB 4.95/5.5 moderate blue
4. foliage .337 .422 13.3 6.7 GY 4.2/4.1 mod. olive grn
5. blueflower .265 .240 24.3 9.7 PB 5.47/6.7 light violet
6. bluishgreen .261 .343 43.1 2.5 BG 7/6
" bluish green
7. orange .506 .407 30.1 5YR 6/11 strong orange
8. purple blue .211 .175 12.0 7.5 PB 4/10.7 purplish blue
9. mod. red .453 .306 19.8 2.5 R 5/10 moderate red
10. purple .285 .202 6.6 5P 3/7 deep purple
11. yellowgreen .380 .489 44.3 5GY 7.1/9.1 str.yel. green
12. orangeyellow .473 .438 43.1 10 YR 7/10.5
"
orange yel.
13. Blue .187 .129 6.1 7.5 PB 2.9/12.7 viv purpl. blue
14. Green .305 .478 23.4 0.25 G 5.4/8.65 str.yell. green
15. Red .539 .313 12.0 5R 4/12 strong red
16. Yellow .448 .470 59.1 5Y 8/11.1 vivid yellow
17. Magenta .364 .233 19.8 2.5 RP 5/12 str.red. purple
18. Cyan .196 .252 19.8 5B 5/8
"
greenish blue
19. white .310 .316 90.0 N 9.5/ white
20. neutral 8 .310 .316 59.1 N 8/ light gray
21. neutral 6.5 .310 .316 36.2 N 6.5/ light-med gray
22. neutral 5 .210 .316 19.8 N 5/ medium gray
23. neutral 3.5 .310 .316 9.0 N 3.5/ dark gray
24. black .310 .316 3.1 N 2/ black
Table 1. Macbeth Color Rendition Chart Specifications
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The Kodak 20 Step Gray Scale is a 14 inch long quality-control device. It has
twenty steps in 0.10 density increments between a nominal white of 0.0 density and a
practical printing black of 1.90 density. The Kodak Gray Scale is used to:
Compare tone values of reflection copy with it reproduction.
Find the conect exposure and processing conditions.
Balance negatives and positives in color reproduction.
* Plot tone reproduction curves.
The Kodak Color Control Patches:
* Represent pure offset inks.
Are used to compare the patches color to that of the reproduction.
SETUP
The set-up to be photographed included aMacbeth Color Checkerwhich is a Color
Rendition Chart that includes a multiplicity of colors totalling 24 colors. The checker board
presents an anay of 24 scientifically prepared color squares in a wide range of colors and is
used to measure and analyze differences in color reproduction in various processes. The
squares reflect light the same way in all parts of the visible spectrum, thus they match the
colors of the natural subjects under any illumination and with any color reproduction
process.
The Kodak Gray Scale occupied the upper portion of the chart photographed.
Totaling 20 squares from extreme white to extreme black the Kodak Gray Scale also
include 18 shades of grays. The density ranges from 0.0 in the white portion to 1.90 in the
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black portion. The Kodak Color Control Patches represent pure offset inks. The density
measurements of the Kodak Color Control Patches were not used in this study since the
hypotheses do not require reaching the stage where an actual lithographic print is made.
However, the raw data is made available for future research. The setup photographed
consisted of the Kodak Gray Scale, Kodak Color Control Patches, and the Macbeth Color
Rendition Chart mounted on a board as shown in Figure 9 below.
Figure 9. Photographed Setup
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The lighting arrangements and camera positions are indicated in Figure 10:
strobe light
photographed
setup
strobe light
4X5 camera
Figure 10. Photographic Setup Arrangement
METHOD
A 4X5 camera and a total of 50 film sheets of the same box of Kodak Ektachrome
film were used for this experiment. By using the same box, the film sheets were identical
not only in their film speed, but also in experiencing the same variables during
transportation and storage. Extreme care was taken during all stages of handling each film
sheet to allow a uniform treatment in all but the domain to be tested by each hypothesis.
The film holders were tested for light leaks to ensure that there were no leaks. A 4X5 film
was used because it allowed visual comparison and easy reading using a densitometer.
29
diffuser
groove
parchment
paper attached
to diffuser
4X5 camera
diffuser
Figure 11. Diffuser and Camera
FLASHING METHOD
The flashing took place by the use of a diffuser attached to the camera as shown in
Figure 11. The diffuser is an attachment that fits the diameter of the 4X5 camera lens on
one side and allows an attachment of parchment material on the other side. The parchment
material is a white paper-like material that blocks the image photographed, yet it allows a
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portion of the light to pass. The parchment used was 240-121 Hunt/Bienfang standard
weight parchment. One needs not be limited to this particular brand, or even the use of
parchment paper to accomplish the same effect. A white plastic sheet will do equally well
providing it is thin enough to be easily attached to the diffuser. The objective is to provide
an even and controlled amount ofwhite light to the film surface.
The distance between the parchment and the lens was three inches. The use of the
three inch distance insured that the parchment fibers were out of focus so that they would
not register on the film emulsion. The purpose of the diffuserwas to act as a holder for the
sheets of parchment paper that were placed adjacent to the camera lens. The number of
sheets of parchment paper determined the degree of flashing. For each photograph there
were two exposures of the film. One exposurewas the flashing exposure which took place
by pre- or post-exposing the film to non-image white light through the parchment paper
attached to the diffuser. The other exposure is the non-flashing exposure that took place
with the parchment material removed from the diffuser and exposing the film to the setup.
Pre-flashing is the term used for refening to the fact that the film was exposed to a
non-image white light prior to photographing the subject matter or setup. Similarly, post-
flashing is the term used for refening to the fact that the film was exposed to a non-image
white light subsequent to photographing the setup. The idea behind pre- and post-flashing
the film is to expose the silver halides to even lighting that may eventually contribute to the
reduction of the tonal range of the transparency. The method used for pre- and post-
flashing consisted of attaching the Hasselblad camera diffuser holder to the lens of the 4X5
camera. The front part of the diffuser holder was a hollow thin metal square and the back
part was attached to the lens (see figure 11). The white light was provided by two Sunpak
(Auto Zoom 5000) strobe lights.
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The degree of flashing was modified by introducing more sheets of parchment
paper in the diffuser holder one at a time before the pre- or post-flashing exposure was
taken. A flashmeter (Minolta model III) was used to measure the amount of white light
penetrating to the lens as each additional sheet of parchment paper was introduced. This
was done by first taking a measurement of the f-stop at the setup location to ensure that it
was at the normal exposure of f-32. Then the light intensity was measured as it went
through the parchment sheets in route to the camera lens. This was done by placing the
diffuser holder on a tripod and taking flashmeter measurements at the lens location, i.e. 3
inches away from the holder.
As mentioned in the overview, the following f-stop readings were measured
starting with f-22.9 for one sheet, then 22.2, 16.6, 16.1, 11.8, 11.5, 11.3, 11.1, 11.0 as
each additional sheet was introduced. These correspond to a reduction in the amount of
light reaching the lens through the parchment sheets of 71.6%, 69.4%, 51.9%, 50.3%,
36.9%, 35.9%, 35.3%, 34.7%, and 34.4%, respectively, as compared to the total amount
of light coming to the lens at normal exposure of f-stop 32. Therefore, by varying the
number of sheets of parchment paper in the diffuser the extent of flashing can be varied
and, hence, varying the light intensity level that a photographer may want to use for any
particular situation.
On-camera diffuser flashing through parchment paper was found to be a practical
method to flash a transparency film. For pre-flashing, the parchment sheet(s) is inserted in
the diffuser slot and the film is first exposed to non-image white light. The parchment
sheet(s) is then removed and the setup is photographed using a second exposure of the
same transparency film. If post-flashing is desired, then the setup is first photographed and
the film is exposed through the parchment sheet(s) to non-image white light later.
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EXPOSURE METHOD
The exposure was altered by controlling the f-stop or aperture opening of the lens.
The shutter speed was kept constant at a speed of i/60 second which is the speed of the
strobe lights that were used to illuminate the setup. To insure consistent measurement of
light intensity, and even lighting, of the photographed setup the flashmeter was read for
several locations on the setup board. Setting the flashmeter at the normal exposure of f-32.
The following five transparencieswere photographed at a shutter speed of V60 second:
1 . Normal exposure F-32
2 . Half f-stop over-exposed F-22V2
3 . One f-stop over-exposed F-22
4 . Half f-stop under-exposed F-32V2
5 . One f-stop under-exposed F- 45
As explained earlier, the exposure was varied by varying the f-stop rather than the
shutter speed. The constant shutter speed used was V6o second. If a shutter speed of 1/125
second was used, then the strobe lights would not register on the film plane because the
shutter speed of V125 second is too fast for the film plane to receive an image. On the other
hand, a shutter speed of 1/30 or 1/15 second or slower can be used, however, it will not be
any different than varying the exposure from a shutter speed of 1/60 second. Therefore,
when using strobe lights, only the f-stop variation can vary the exposure.
Since the film used is a transparency, it should be noted that the second
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transparency (f-22V2) received half an f-stop more light, therefore, the results were
expected to be lighter than the first transparency (f-32). The same argument applies to the
third transparency (f-22). The third transparency should be lighter than the first and second
transparencies. The fourth (f-32V2) and fifth (f-45) transparencies have received less light,
so they should be darker than the first transparency (f-32). If the film used was a negative
color film, then the reverse would apply.
Table 2 lists the exposure (f-stop) and the degree of flashing by stating the number
of parchment sheets held in the diffuser during flashing, if any, and whether there was any
pre- or post-flashing for each photograph. The code is an identification symbol
photographed along each transparency.
F-stop Pre-Flash Post-Flash # of Sheets Code
32 NO NO NONE A
22V2 NO NO NONE B
22 NO NO NONE C
32V2 NO NO NONE D
45 NO NO NONE E
32V2 YES NO 1 G
32V2 YES NO 2 H
32V2 YES NO 3 I
32V2 YES NO 4 J
32V2 YES NO 5 K
32V2 NO YES 1 L
32V2 NO YES 2 M
32V2 NO YES 3 N
32V2 NO YES 4 O
32V2 NO YES 5 P
32V2 NO YES 8 Q
32V2 NO YES 9 R
45V2 YES NO 1 U
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45V2 YES NO
45V2 YES NO
45i/2 YES NO
45V2 YES NO
45V2 YES NO
451/2 YES NO
45V2 YES NO
64 YES NO
64 YES NO
64 YES NO
64 YES NO
64 YES NO
64 YES NO
64 YES NO
2 V
3 W
4 X
5 Y
6 Z
7 T
8 S
1 AA
2 AB
3 AC
4 AD
5 AE
6 AF
7 AG
Table 2. Table ofExposure and Flashing
In order to study the effect of flashing on exposed positive film, some exposures
were taken without the use of flashing, namely transparencies A, B, C, D, and E. The rest
of the positive films were varied in both flashing and exposure. The exposures were varied
by using different f-stops. The degree of flashing was varied by varying the number of
parchment sheets, thus, undercutting the amount of light used for the flashing process.
Some sheets were pre-flashed and others were post-flashed to see if there was any
difference in the results obtained from pre-flashed film when compared to post-flashed
film.
The exposure of f-stop 32V2 with parchment sheets from one to five were used to
test the second hypothesis. The second hypothesis stated that post-flashing will produce the
most acceptable results in achieving the desired tonal range as compared to the pre-flashing
technique. The transparencies G, H, I, J, and K were pre-flashed at f-stop 32V2 to be
compared to L, M, N, O, and P post-flashed transparencies at f-stop 32V2. Transparencies
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Q and R were taken to test post-flashing through 8 and 9 sheets ofparchment, respectively.
The remaining transparencies were taken at exposures of f-45V2 and f-64 at several degrees
of pre-flashing in order to observe the effect of using different exposures on the tonal range
of pre-flashed transparencies. The code used to identify each transparency was
photographed along with the setup in order to keep track of the number of parchment sheets
and exposure.
DENSITOMETER MEASUREMENTS
The densities of the Kodak Gray Scale, Kodak Color Control Patches, and the
Macbeth Color Rendition Chart were taken using a Macbeth TD903 transmission
densitometer. The densities were read through visual (Kodak Wratten 102 gelatin filter),
red (644 nm), green (539 nm), and blue (446 nm) filters for each color patch and scale
gradation. The density values are tabulated in the Appendix.
VISUAL TESTS
Transparencies chosen for lithographic printing are often, if not always, judged
based on subjective judgment. So a visual test was conducted to rank order the
transparencies according to their suitability for lithographic reproduction. The
transparencies were judged by professionals in the photographic and printing industries.
The visual test is actually a replication ofwhat takes place in reality in the photographic and
lithographic industries.
Initially the 32 transparencies used in the experiment were taken to a professional
photographer (with more than ten years of experience in judging photographs for printing).
He concluded that 24 of the 32 transparencies were of inferior quality for lithographic
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printing. These transparencies were either faded and washed-out or too contrasty and,
therefore, were eliminated from consideration in the visual test. Also, the transparency with
normal exposure of f-32 was not included since this study centers on the use of flashing in
conditionswhen one is unable to achieve an ideal normal exposure. The remaining number
of transparencies was seven. These transparencies were identified as D, Q, R, Y, Z, T, and
S.
Twenty-two subjects were shown the seven transparencies and were asked to rank
them in the order from that which they believed can best reproduce as a lithographic print to
the least. The 22 subjects who performed the visual test consisted of professionals in the
photographic and printing industries (professional photographers, photo developers,
lithographic press operators, and print salespersons). They worked in Syracuse Colour
Graphics, Industrial Color Labs, Photomedia, C-Max, and Syracuse University's photo
lab in Syracuse, New York. Visual comparisons took place by viewing the transparencies
using a lightbox illuminated with
5000
K light.
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CHAPTER V
MEASUREMENTS AND RESULTS
DENSITY MEASUREMENTS
The densities of the photographed setup as read through visual (KodakWratten 102
gelatin filter), red (644 nm), green (539 nm), and blue (446 nm) filters of a Macbeth
TD903 transmission densitometer are listed in the Appendix. Tables 3 and 4 below show
an example of the data for the normal exposure at f-stop 32 for the Macbeth Color
Rendition Chart and the Kodak Gray Scale, respectively.
GREEN BLUENAME VISUAL RED
dark skin 1.02 0.77
light skin 0.47 0.31
blue sky 0.77 0.91
foliage 0.93 1.00
blue flower 0.57 0.49
bluish green 0.42 0.60
orange 0.56 0.32
purple blue 1.02 1.02
moderate red 0.70 0.34
purple 1.13 0.82
yellow green 0.39 0.42
orange yellow 0.37 0.24
Blue 1.51 1.63
Green 0.72 1.04
Red 0.90 0.39
1.19 1.25
0.55 0.59
0.73 0.45
0.88 1.26
0.62 0.34
0.35 0.36
0.72 1.33
1.02 0.48
1.00 0.83
1.40 0.77
0.38 1.00
0.45 1.12
1.55 0.68
0.60 1.07
1.54 1.45
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Yellow 0.29 0.20 0.33 1.14
Magenta 0.65 0.30 0.92 0.47
Cyan 0.78 1.08 0.68 0.43
white 0.22 0.22 0.22 0.21
neutral 8 0.31 0.31 0.31 0.28
neutral 6.5 0.45 0.44 0.45 0.40
neutral 5 0.69 0.67 0.69 0.61
neutral 3.5 1.09 1.07 1.10 0.97
black 1.87 1.79 1.93 1.70
Table 3. Densities Measured for f-stop 32 forMacbeth Color Rendition Chart
SCALE VISUAL RED GREEN BLUE
white 0.23 0.23 0.25 0.22
2 0.28 0.28 0.29 0.26
3 0.36 0.35 0.36 0.32
4 0.44 0.44 0.44 0.38
5 0.52 0.51 0.53 0.45
6 0.61 0.58 0.62 0.48
7 0.70 0.68 0.71 0.53
8 0.80 0.78 0.81 0.61
9 0.92 0.88 0.93 0.69
10 1.04 1.01 1.06 0.81
11 1.16 1.11 1.19 0.93
12 1.32 1.27 1.36 1.04
13 1.47 1.42 1.52 1.19
14 1.68 1.62 1.74 1.32
15 1.84 1.77 1.93 1.52
16 1.96 1.88 2.08 1.68
17 2.11 2.00 2.23 1.82
18 2.21 2.10 2.33 1.96
19 2.29 2.19 2.43 2.07
black 2.30 2.21 2.45 2.17
Table 4. Densities Measured for f-stop 32 for Kodak Gray Scale
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The readings in Tables 3 and 4 are for f-stop 32. The density range is shown to be
1.65 for the Macbeth Color Rendition Chart and 2.07 for the Kodak Gray Scale. Although
the density range represents the difference between the darkest (black) and lightest (white)
patches on the scales, these numbers are not identical. The difference in the density
measurements for the two scales is due to the fact that the two extremes (black and white)
of the two scales were not of the same density on the original. The quoted density ranges of
the original setup were 2.00 for the Macbeth Color Rendition Chart and 1.90 for the Kodak
Gray Scale. The differences between the quoted densities for the setup and the measured
densities on the transparency are within the tolerance range of 0.45 density units (or f-
stop 1V2). The difference is due to shifts in density range from chemical (development,
film speed), mechanical (shutter speed, f-stop setting), and optical (light transmission,
stray light) factors.
The measured density ranges for the normal exposure correspond to f-stop 5.5
(1.65/0.3) and f-stop 6.9 (2.07/0.3) for the Macbeth Color Rendition Chart and the Kodak
Gray Scale, respectively. These tonal ranges were somewhat low because of the flat setup
photographed with even lighting striking its surface at
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angles from both sides of the
setup. This arrangement tended to increase the reflection of light particles from the
photographed surface, and therefore, additionally reduce the tonal range.
RESULTS OF VISUAL TESTS
In the photographic and printing industries, transparencies are selected for
lithographic printing based on a visual selection. The results of the visual test conducted on
the 22 subjects in this study are tabulated in Table 5 below. The first chosen transparency is
indicated by 1 (the most likely to be selected for lithographic reproduction) and the last
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chosen transparency is indicated by 7 (the least likely to be selected). As shown in Table 5,
subject # 1 chose transparency Z as his/her first choice, then transparency Y as second-
best, and so on.
Subject No. 1 2 3 4 5 6 7
1 Z Y T Q D R S
2 Z Y D T Q S R
3 z Y D R Q T S
4 D Z T Y R S Q
5 Z D Y T R Q S
6 D Y Z R Q S T
7 Z D Y R Q S T
8 Z S T Y D Q R
9 T D Y Z R Q S
10 D Y Q Z T S R
11 Y Z T S D Q R
12 T D Y Z S R Q
13 Z S Y T D Q R
14 T D Y Z S R Q
15 T D Y Z S Q R
16 T D Y Z R S Q
17 T S Y D Z Q R
18 T Z S D Y R Q
19 Z T Y S D Q R
20 Z T S Y D Q R
21 T S Y D Z Q R
22 T S D Z Y R Q
Table 5. Results ofVisual Testing
CALCULATION OF TONAL RANGE
Since the three hypotheses under investigation deal with the issue ofmanipulation
of the tonal range of the scene (or photographed setup), the Kodak Gray Scale and the
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black, neutrals, and white patches of the Macbeth Color Rendition Chart were the only
measurements required for the calculation of the tonal range. All other density
measurements were taken for future research. As transparencies have a tendency to fade
with time, all of the densitometric readings were taken at the same time.
The use of both the Kodak Gray Scale and the Macbeth Color Rendition Chart
assures the validity of the measurements by providing two independent sets of data. The
tonal range is calculated by subtracting the visual density in the lightest highlight (white)
from the visual density in the darkest shadow (black):
tonal range = (DVisua,)BLACK (Dvisual)wHiTE
Example:
For the f-32 normal exposure tabulated in Tables 3 and 4, the tonal range for the Macbeth
Color Rendition Chart is (1.87 - 0.22) = 1.65 density units, which is equivalent to
(1.65/0.3) = 5.5 f-stops. Similarly, the tonal range for the Kodak Gray Scale is (2.30 -
0.23) = 2.07 density units, which is equivalent to 6.9 f-stops. The difference between the
tonal ranges has already been explained.
GRAPHS OF TONAL RANGE VERSUS EXPOSURE
In order to investigate the relationship between tonal range and exposure, graphs
were plotted for the Kodak Gray Scale and the Macbeth Color Rendition Chart at the tested
exposures of f-stops 22, 22V2, 32, 32V2 and 45 as shown in Figures 12 and 13. The
graphs plotted in Figures 12 and 13 show the trend of tonal range increase as the amount of
light exposed to the transparency is reduced. The reverse is true if the film used was a
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negative film. The exposures at f-stops 22, 22V2, 32, 32V2 and 45 were used to test
whether the film speed recommended by the film manufacturer produced an exposure that
is consistent in producing a normal exposure. An f-stop that is smaller than f-32 should
produce an over-exposed transparency and an f-stop larger than f-32 should produce an
under-exposed transparency. This was confirmed experimentally by the exposure test.
GRAPHS OF TONAL RANGE VERSUS NUMBER OF PARCHMENT SHEETS
To measure the effect of flashing on the tonal range of the transparencies the graphs
of tonal range versus the number of parchment sheets used were plotted for the Kodak
Gray Scale and the Macbeth Color Rendition Chart at the tested exposures of f-stops 321/2,
451/2 and 64 as shown in Figures 14 and 15. The number of parchment sheets represents
the degree of flashing. The experiments were conducted to investigate the reduction of the
tonal range when using flashing for photographing scenes that have a large tonal range in
the dark areas, in particular. The tonal ranges at f-stops 32V2, 45 V2 and 64 are larger than
the tonal range measured at the normal exposure of f-stop 32. It is for this reason that f-32
was not used as part of the flashing process.
GRAPHS TO COMPARE PRE-FLASHING AND POST-FLASHING
To compare the effects of pre-flashing with the effects of post-flashing on the tonal
range of the transparencies, the graphs for tonal range versus the number of parchment
sheets used in the flashing process (representing the degree of flashing) were plotted for the
Kodak Gray Scale and the Macbeth Color Rendition Chart at the tested exposure of f-stops
321/2 as shown in Figures 16 and 17.
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Figure 12. Tonal Range Versus Exposure for Kodak Gray Scale
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Figure 13. Tonal Range Versus Exposure for Macbeth Color Rendition Chart
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Figure 14. Tonal Range Versus Number of Sheets for Kodak Gray Scale
46
0)
D)
C
(0
1-pre 2-pre 3-pre 4-pre 5-pre
# of sheets of parchment paper
Figure 15. Tonal Range Versus Number of Sheets forMacbeth Color Rendition Chart
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Figure 16. Tonal Range versus Number of Sheets for Kodak Gray Scale at f-stop 32.5
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Figure 17. Tonal Range versus Number of Sheets for Macbeth Chart at f-stop 32.5
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CHAPTER VI
DATA ANALYSIS
Lithographic printing and photography are two different processes which are linked
in their function, therefore, the relationship between the two processes must be coordinated
to produce the best possible results. Thus far, most of the sacrifice and alterations that are
taking place are carried out by the lithographic process (Kling, 1981). To optimize the
relationship between the two processes, photographers must contribute their share of
coordination in meeting the requirements imposed by the printing process.
This study investigated one of the possibilities that may assist in providing the
lithographic printers more suitable photographic Ektachrome transparencies. An
Ektachrome transparency has the capability of reproducing a tonal range which conesponds
to around 2.80 density units. Obtaining such a density range is determined by many factors
such as the color of the objects photographed and the amount of lighting hitting the subject.
When one has a subject with a flat surface, such as the setup used in this study, the
refraction of the light can reduce the actual tonal range of the transparency. Flare causes a
loss of 1.5 f-stops from that measured on the subject matter (Scala, 1990).
Light refraction is one of the reasons that prevented the density range of some
transparencies from achieving a maximum range of 2.80 density units. On the other hand,
the printing process is limited by the maximum density range of around 1.80 density units.
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What was sought in this study is a mechanism that can reduce the tonal range of a
transparency to within the tonal range that can be reproduced by a lithographic press (which
is 1.80). Unfortunately, due to the factors stated above a tonal range as high as 2.80 was
not obtained for the photographed setup. The highest tonal range obtained on a
transparency was 2.19 for the Kodak Gray Scale and 1.93 for the Macbeth Color Rendition
Chart at f-stop 45 taken without the use of flashing. However, the percentage reduction in
tonal range between a transparency taken without flashing and a transparency taken with
flashing can be calculated. This percentage can serve as a guide to determine the reduction
in tonal range with and without the use of flashing.
HYPOTHESIS 1
The first hypothesis states that it is possible to flash Ektachrome transparency film
by a predetermined amount of light to produce a desired reduction in the tonal range of a
transparency, making it more acceptable to the printing range of the lithographic process
when using coated paper. As illustrated in Figure 12, it is shown that there is a relationship
between the exposure and the tonal range of a transparency: the more light the film is
exposed to, the shorter its tonal range. For example, the tonal range at f-stop 45 is 2.19 and
the tonal range at f-stop 22 is 1.54. Although the manipulation of the tonal range by
varying the exposure is possible, some of the resulting transparencies will not be
acceptable. Over-exposing a positive film causes a washout of the highlight areas, even the
midtones. The idea is to reduce the tonal range in order to specifically affect the low key
areas of the scene, this is done by the use of flashing.
The question that is presented by the first hypothesis is whether it is possible to add
a predetermined amount of light to the film emulsion (by flashing the film) in order to
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reduce its tonal range. This was found to be true. For example: the tonal range of the
Kodak Gray Scale taken at f-stop 32V2 was 2.17 without the use of flashing and 1.12
when post-flashed with five sheets of parchment paper attached to the diffuser, therefore,
resulting in a reduction of 1.05 density units or 48.4% of the original unflashed
transparency tonal range. A comparison of the tonal range of an unflashed transparency
with the tonal range of transparencies at different degrees of flashing (at f-stop 32V2) can
also be seen in Figures 16 and 17.
Although great reductions in tonal range can be achieved by the use of flashing, the
resulting transparency may not be suitable for printing. For example, over-flashing can
cause fading in the highlight areas of the scene photographed. Hence, a faded image, even
if it falls within the desired tonal range of the lithographic process, will not necessarily
produce acceptable, or visually pleasing, results.
In this study, after exposing the 32 transparencies to various amounts of flashing
and at different exposures, they were then classified according to their appearance. Rank
ordering the transparencies according to visual appearance is a common practice in the
photographic and printing industries for determining which transparency would best
reproduce in lithographic printing. However, before rank ordering all 32 transparencies,
there were some obvious eliminations. The unacceptable transparencies were determined by
consulting a professional photographer with over ten years experience in photographing for
print. He works in Photomedia which is a commercial photographic firm that regularly
deals with the production of annual reports, catalogs, and other printed material for
commercial establishments. After the process of elimination, the professional photographer
chose seven transparencies from the total of 32 that would be suitable for lithographic
reproduction. He eliminated transparencies based on their faded or washed-out appearance.
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The seven chosen transparencies were presented to 22 subjects to rank order them
from the most suitable to the least suitable for lithographic reproduction. The subjects who
carried out the rank ordering were from the photographic and printing fields. Professionals
from Syracuse Colour Graphics, Industrial Color Lab, C-Max, Photomedia, and Syracuse
University's Photo Lab participated in rank ordering the transparencies for this study. They
were asked to visually rank order the transparencies from the most suitable transparency
that would best reproduce a lithographic print to the least. The subjects were all shown the
4X5 inch transparencies viewed at 5000 K viewing conditions. The results of the rank
ordering are listed in Table 5. The summary of the classification from the most suitable to
the least suitable is listed as follows (tonal range is calculated from Kodak Gray Scale,
Macbeth readings follow a similar trend):
1st place transparency Z with a tonal range of 1.57 density units
2nd place transparency T with a tonal range of 1.82 density units
3rd place transparency Y with a tonal range of 1.43 density units
4th place transparency D with a tonal range of 2.17 density units
5th place transparency S with a tonal range of 1.73 density units
6th place transparency Q with a tonal range of 1.35 density units
7th place transparency R with a tonal range of 1.44 density units
The top three transparencies, Z, T, and Y, were pre-flashed through 6, 7, and 5
parchment sheets, respectively, at an exposure of f-stop 45V2. This means that the film
emulsion was pre-flashed by being exposed to a degree of flashing equivalent to 35-37% of
light required for normal exposure. Then the film was exposed to the setup at f-stop 45 1/2,
which is li/2 stops under-exposed. Note that the tonal ranges of the three transparencies lie
within an acceptable range for lithographic printing (i.e. 1.57 for Z, 1.82 for T, and 1.43
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for Y). Also, transparency S was taken under similar conditions to transparencies Z, T, and
Y, i.e. it was pre-flashedwith a degree of flashing equivalent to 34.7% of light required for
normal exposure (using 8 sheets of parchment paper) and it was exposed at f-45V2, or 1V2
stops under-exposed.
Transparency D was taken at an exposure of f-32V2 or half a stop under-exposed.
The film was not flashed for this transparency. The appearance of the transparency was
appealing enough to place it in fourth place, however, its tonal range was 2.17 density
units. This range exceeds the 1.8 density units for lithographic printing. So, if printed, this
transparency must undergo some compression to reduce its tonal range by 0.37 units or
17% of its original range.
The last two transparencies ranked were Q and R. These were somewhat washed
out, which means that some detail in the highlight areas was lost. These two
transparencies, Q and R, were taken at half a stop under-exposed (f-321/2) and were post-
flashed with 8 and 9 sheets, respectively. This means that the degree of post-flashing was
34-35% of the light required for normal exposure. Also, these were the only two
transparencies of the seven that were post-flashed. So, even though the tonal ranges of Q
and R are well within the acceptable range for lithographic printing their unsatisfactory
appearance makes them unsuitable for printing.
In conclusion, the experiments showed that pre-flashing the film with non-image
white light by an amount of 35-37% (or a little over one-third) of the light required for
normal exposure and then exposing the film to the setup with one and a half stop under
exposed will produce transparencies that are suitable for printing. By following these
guidelines, there is no need for compressing the tonal range for printing and the
transparencies are visually appealing. Therefore, the first hypothesis has been satisfied.
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HYPOTHESIS 2
Figures 16 and 17 show the tonal range obtained at various degrees of
preandAAADocument ErrorAAApost-flashing at an exposure of f-stop 32 1/2 (or one half a
stop over-exposed). From these figures, it is observed that the reduction in tonal range was
greater for the pre-flashed transparencies than for the post-flashed transparencies when
exposed to the same amount of non-image white light during flashing. For example, when
using a degree of flashing equivalent to 36.9% of the light required for normal exposure
(i.e. using 5 sheets of parchment paper) the tonal range of a pre-flashed transparency was
1.02 and of a post-flashed transparency was 1.12 at f-stop 32V2 for the Kodak Gray Scale.
There is a difference of around 10% in the reduction of tonal range when comparing pre-
and post-flashing. Based on these observations, it can be concluded that pre-flashing
reduces the tonal range of a transparency by a greater degree than post-flashing.
However, all of the flashed transparencies taken at f-stop 32V2 were categorized as
unacceptable by the professional consulted based on their faded orwashed-out appearance.
Even though the transparency that was not flashed was chosen as suitable for printing
based on its appearance, it was rejected based on its tonal range that was greater than the
desired range for printingwithout the need for compression.
The second hypothesis states that the post-flashing technique will produce the most
acceptable result in achieving the desired tonal range as compared to pre-flashing. As
determined from the previous paragraphs and from the conclusion to the first hypothesis,
the pre-flashing technique produced transparencies that had a tonal range suitable for
printing and that were also visually acceptable. Therefore, the second hypothesis is
rejected.
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HYPOTHESIS 3
The third hypothesis states that the flashing technique produces the same results in a
transparency as the image prepared by the use of adjusting the lighting ratio in measured
photography. Photographer Dennis Savini (Sinar, 1987) used hazylight as a main light
source for photographing his subject. He introduced additional diffusers inside the
hazylight to soften the illumination. He reduced the f-stop range of the subject from 6 f-
stops to 5 f-stops by using a golden cardboard as a fill-in reflector and white styrofoam
surfaces at the side and from the top. In order to further reduce the f-stop range from 5 to 4
f-stops, Savini moved the fill-in reflectors closer to the subject and replaced the styrofoam
board on the side with an additional fill-in light source.
In the experiments carried out in this study, a reduction in tonal range was achieved
by decreasing the number of parchment sheets when pre-flashing or post-flashing a film.
This can be seen in Figures 16 and 17. When the amount of light arriving at the camera lens
is high during flashing (i.e. less number of parchment sheets are used), this has the effect
of exposing the silver halides on the film emulsion to an excessive amount of light and,
hence, leaving a smaller amount of unreacted halides for the image. Thus, the difference in
densities is created on the film emulsion. This is similar to creating the difference in
densities by adjusting the lighting ratio of the subject, although in the case of flashing it is
done by manipulating the light that reaches the film emulsion rather than the subject being
photographed. Since the setup used in the experiments in this study consisted of a 2-
dimensional flat surface, so altering the lighting ratio was not possible and quantitative
measurements are not available. Therefore, the third hypothesis is qualitatively accepted.
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CHAPTER VII
SUMMARY AND CONCLUSIONS
The goal of this study was to define the relationship between flashing and the tonal
range of Ektachrome transparencies. This was studied by photographing a setup with a
Kodak Gray Scale and a Macbeth Color Rendition Chart as subjects. The setup was
photographed at various exposures and by varying the amount of pre- and post-flashing of
the film. The exposure of the transparency film was controlled by altering the f-stop. The
amount of flashing was determined by pre-exposing or post-exposing the film to non-
image white light through various numbers of sheets of opaque parchment paper to diffuse
the light.
The investigation showed that there exists a relationship between the tonal range
and the degree of flashing. The tonal range of the transparency decreases as the number of
parchment sheets used for flashing decreases. In fact, the guidelines recommended as a
result of the experiments conducted suggest that pre-flashing the film with non-image white
light by an amount of a little over one-third of the light required for normal exposure and
then exposing the film to the setup with one and a half stop under-exposed will produce
transparencies that are suitable for printing. A transparency that is suitable for printing
satisfies the limits of the tonal range for lithographic printing and is visually appealing. It
was also suggested that pre-flashing the positive film has a greater effect on reducing the
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tonal range than post-flashing.
The investigation conducted in this study is targeted for professional photographers
who photographwith the intention of printing theirwork by means of lithographic printing.
Professional photographers who would like to utilize flashing should construct a fixed
setup for flashing their film. This setup should undergo methodological and controlled
testing, in order to determine the conect amount of flashing that can be used depending on
the subject matter photographed. For example, in the setup used the determination of the
amount of light that penetrates the parchment sheets used for flashing was investigated in
order to quantify it. As mentioned earlier, a photographer may flash a film by any number
of techniques as long as he/she can consistently reproduce the technique to get the same
effect over time.
The numerical recommendations of this study may not be applicable to a particular
photographic situation. The setup used consisted of a flat board and the lighting was
positioned at
45
angles at both sides of the setup. There were variables that were specific
to the study, these include the film emulsion, the development process, the shutter speed of
the camera used, the types of flashes used, flashmeter readings, stray light, etc. Therefore,
each photographer must calibrate according to his/her own setup and equipment. In
general, the results of the experiments indicate that flashing is a useful tool that is available
to photographers.
Although flashing proved useful in reducing the tonal range, it should only be used
when necessary. For example, when photographing areas that cannot be manipulated by
the use of lighting arrangements. In general, one should not unnecessarily alter the film
structure because one cannot tell what effect storage time may have on the manipulated
transparency. For example, would the film emulsion be stable of a period of five years or
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would it deteriorate over time. Future research should address the changes that take place
on flashed transparencies when stored for long periods of time. In practice it is
recommended that the photographer exposes two transparencies per scene or setup. The
reason for this recommendation is that the photographer can process one transparency and
use it as a point of reference for the second transparency. Based on the results of the first
transparency the photographer can determine the amount of post-flashing required for the
second transparency prior to its development.
In this study, data for all the densities of the patches on the Kodak 20 Step Gray
Scale, Macbeth Color Rendition Chart, and Kodak Color Control Patches were measured
as read through the filters of a transmission densitometer. The data are tabulated in the
Appendix. Future research can be conducted to study the effects of flashing on the densities
of the color patches. Moreover, the transparencies are available and can be reproduced by
lithographic printing in order to compare the tonal range of the print with that of the
transparency.
In conclusion, this study has shown that an understanding of pre- and post-flashing
a film can give photographers more control over their images. This is a useful step in
minimizing conflicts between photographers and printers. Also when a photographer
understands the limitations of the lithographic process and works to satisfy these limits,
then a printer is relieved from the responsibility of tone compression in order to
accommodate the large tonal range of a transparency. Sinar (1988) has observed that
avoiding tone compression during lithographic production can save 50% in time and 41%
in cost. These are considerable savings that can lead to a better quality print produced in
less time and with less expense.
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APPENDIX
EXPERIMENT DATA
The Appendix contains the data collected from the Ektachrome transparencies. The data
corresponds to the density values as measured by a Macbeth TD903 transmission
densitometer through blue 446 nanometers, green 539 nanometers, red 644 nanometers,
and visual Kodak Wratten 102 filters. The transparencies are labeledwith the codes given
in Table 2.
Transparency A
60
RED GREEN BLUE VISUAL
white 0.23 0.25 0.22 0.23
2 0.28 0.29 0.26 0.28
3 0.35 0.36 0.32 0.36
4 0.44 0.44 0.38 0.44
5 0.51 0.53 0.45 0.52
6 0.58 0.62 0.48 0.61
7 0.68 0.71 0.53 0.70
8 0.78 0.81 0.61 0.80
9 0.88 0.93 0.69 0.92
10 1.01 1.06 0.81 1.04
11 1.11 1.19 0.93 1.16
12 1.27 1.36 1.04 1.32
13 1.42 1.52 1.19 1.47
14 1.62 1.74 1.32 1.68
15 1.77 1.93 1.52 1.84
16 1.88 2.08 1.68 1.96
17 2.00 2.23 1.82 2.11
18 2.10 2.33 1.96 2.21
19 2.19 2.43 2.07 2.29
black 2.21 2.45 2.17 2.30
RED GREEN BLUE VISUAL
dark skin 0.77 1.19 1.25 1.02
light skin 0.31 0.55 0.59 0.47
blue sky 0.91 0.73 0.45 0.77
foliage 1.00 0.88 1.26 0.93
blue flower 0.49 0.62 0.34 0.57
bluish green 0.60 0.35 0.36 0.42
orange 0.32 0.72 1.33 0.56
purplish blue 1.02 1.02 0.48 1.02
moderate red 0.34 1.00 0.83 0.70
purple 0.82 1.40 0.77 1.13
yellow green 0.42 0.38 1.00 0.39
orange yellow 0.24 0.45 1.12 0.37
blue 1.63 1.55 0.64 1.51
green
red
1.04 0.60 1.07 0.72
0.39 1.54 1.45 0.90
yellow 0.20 0.33 1.14 0.29
J
magenta 0.30 0.92 0.47 0.65
cyan
white
1.08 0.68 0.43 0.78
0.22 0.22 0.21 0.22
neutral 8 0.31 0.31 0.28 0.31
neutral 6.5 0.44 0.45 0.40 0.45
neutral 5 0.67 0.69 0.61 0.69
neutral 3.5 1.07 1.10 0.97 1.09
black 1.79 1.93 1.70 1.87
Transparency B
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RED GREEN BLUE VISUAL
white 0.17 0.17 0.16 0.20
2 0.19 0.20 0.19 0.20
3 0.23 0.24 0.22 0.20
4 0.29 0.30 0.26 0.24
5 0.34 0.36 0.30 0.29
6 0.41 0.42 0.36 0.35
7 0.48 0.50 0.43 0.42
8 0.56 0.59 0.50 0.50
9 0.65 0.69 0.60 0.58
10 0.76 0.80 0.69 0.68
11 0.84 0.89 0.78 0.78
12 0.96 1.02 0.90 0.88
13 1.08 1.15 1.00 1.01
14 1.24 1.34 1.16 1.13
15 1.38 1.53 1.29 1.30
16 1.58 1.62 1.41 1.44
17 1.63 1.80 1.56 1.57
18 1.73 1.92 1.66 1.82
19 1.83 2.04 1.77 1.93
black 1.85 2.08 1.80 1.96
RED GREEN BLUE VISUAL
dark skin 0.56 0.92 0.96 1.78
light skin 0.20 0.37 0.40 0.32
blue sky 0.67 0.51 0.30 0.56
foliage 0.74 0.64 0.94 0.67
blue flower 0.30 0.41 0.22 0.38
bluish green 0.40 0.21 0.23 0.27
orange 0.21 0.52 1.03 0.41
purplish blue 0.76 0.77 0.34 0.76
moderate red 0.24 0.76 0.60 0.55
purple 0.57 1.05 0.55 0.85
yellow green 0.26 0.25 0.73 0.25
orange yellow 0.15 0.28 0.82 0.24
blue 1.26 1.17 0.46 1.17
green 0.77 0.40 0.50 0.51
red 0.29 1.16 1.09 0.73
yellow 0.14 0.23 0.87 0.20
magenta 0.21 0.66 0.31 0.48
cyan 0.78 0.44 0.28 0.53
white 0.16 0.16 0.15 0.16
neutral 8 0.20 0.20 0.19 0.20
neutral 6.5 0.28 0.29 0.27 0.29
neutral 5 0.46 0.47 0.42 0.47
neutral 3.5 0.78 0.81 0.72 0.80
black 1.38 1.49 1.29 1.45
Transparency C
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RED GREEN BLUE VISUAL
white 0.14 0.14 0.13 0.15
2 0.16 0.16 0.15 0.16
3 0.18 0.18 0.17 0.19
4 0.22 0.22 0.19 0.22
5 0.25 0.26 0.23 0.26
6 0.29 0.31 0.27 0.31
7 0.35 0.37 0.31 0.37
8 0.42 0.44 0.36 0.44
9 0.51 0.53 0.45 0.53
10 0.60 0.63 0.53 0.62
11 0.67 0.71 0.61 0.71
12 0.77 0.82 0.71 0.81
13 0.88 0.94 0.79 0.92
14 1.02 1.08 0.93 1.06
15 1.13 1.21 1.04 1.18
16 1.23 1.32 1.13 1.28
17 1.36 1.48 1.25 1.43
18 1.46 1.59 1.36 1.53
19 1.56 1.70 1.47 1.69
black 1.59 1.73 1.49 1.69
RED GREEN BLUE VISUAL
dark skin 0.43 0.74 0.77 0.63
light skin 0.16 0.26 0.30 0.23
blue sky 0.52 0.36 0.22 0.41
foliage 0.56 0.47 0.74 0.50
blue flower 0.22 0.29 0.16 0.27
bluish green 0.31 0.17 0.17 0.21
orange 0.16 0.38 0.81 0.31
purplish blue 0.60 0.59 0.26 0.59
moderate red 0.19 0.58 0.44 0.44
purple 0.42 0.83 0.40 0.67
yellow green 0.20 0.19 0.57 0.19
orange yellow 0.12 0.21 0.63 0.18
blue 1.02 0.94 0.36 0.95
green 0.62 0.30 0.63 0.39
red 0.24 0.95 0.85 0.62
yellow 0.12 0.18 0.67 0.16
magenta 0.17 0.50 0.23 0.38
cyan 0.63 0.31 0.20 0.40
white 0.14 0.13 0.13 0.13
neutral 8 0.16 0.15 0.15 0.16
neutral 6.5 0.21 0.21 0.19 0.21
neutral 5 0.34 0.34 0.30 0.34
neutral 3.5 0.61 0.63 0.55 0.63
black 1.15 1.21 1.06 1.19
Transparency D
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RED GREEN BLUE VISUAL
white 0.30 0.31 0.29 0.31
2 0.36 0.38 0.35 0.38
3 0.46 0.47 0.51 0.47
4 0.55 0.57 0.59 0.56
5 0.65 0.66 0.67 0.58
6 0.72 0.76 0.77 0.66
7 0.82 0.86 0.87 0.75
8 0.93 0.97 0.99 0.86
9 1.05 1.11 1.12 0.96
10 1.19 1.25 1.24 1.09
11 1.31 1.39 1.41 1.23
12 1.47 1.57 1.58 1.36
13 1.63 1.76 1.79 1.54
14 1.82 1.99 1.95 1.70
15 1.97 2.16 2.07 1.91
16 2.09 2.29 2.22 2.07
17 2.21 2.44 2.34 2.18
18 2.29 2.53 2.42 2.31
19 2.36 2.62 2.44 2.39
black 2.36 2.64 2.45 2.48
RED GREEN BLUE VISUAL
dark skin 0.92 1.40 1.51 1.20
light skin 0.40 0.68 0.73 0.57
blue sky 1.06 0.87 0.55 0.92
foliage 1.13 1.02 1.47 1.06
blue flower 0.58 0.73 0.43 0.68
bluish green 0.69 0.42 0.44 0.50
orange 0.40 0.85 1.60 0.66
purplish blue 1.20 1.21 0.60 1.19
moderate red 0.41 1.17 0.99 0.82
purple 0.94 1.60 0.92 1.29
yellow green 0.50 0.45 1.16 0.47
orange yellow 0.29 0.52 1.28 0.44
blue 1.86 1.80 0.79 1.72
green 1.21 0.72 1.28 0.87
red 0.47 1.77 1.72 1.01
yellow 0.24 0.41 1.33 0.34
magenta 0.36 1.05 0.58 0.73
cyan 1.22 0.79 0.52 0.90
white 0.28 0.28 0.28 0.28
neutral 8 0.38 0.40 0.37 0.40
neutral 6.5 0.54 0.56 0.51 0.55
neutral 5 0.79 0.82 0.75 0.81
neutral 3.5 1.21 1.26 1.16 1.25
black 2.00 ;2.18 1.95 2.06
Transparency E
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RED GREEN BLUE VISUAL
white 0.38 0.42 0.35 0.40
2 0.47 0.48 0.43 0.48
3 0.56 0.59 0.53 0.59
4 0.66 0.69 0.61 0.69
5 0.76 0.80 0.70 0.79
6 0.85 0.90 0.79 0.89
7 0.97 1.02 0.90 1.01
8 1.09 1.15 1.01 1.13
9 1.23 1.30 1.15 1.28
10 1.39 1.47 1.30 1.44
11 1.53 1.54 1.45 1.59
12 1.72 1.85 1.63 1.79
13 1.88 2.03 1.80 1.96
14 2.06 2.25 2.00 2.15
15 2.20 2.41 2.17 2.29
16 2.29 2.52 2.28 2.39
17 2.38 2.63 2.42 2.48
18 2.44 2.70 2.57 2.54
19 2.49 2.75 2.58 2.58
black 2.50 2.76 2.60 2.59
RED GREEN BLUE VISUAL
dark skin 1.08 1.64 1.74 1.40
light skin 0.50 0.81 0.86 0.70
blue sky 1.25 1.04 0.65 1.09
foliage 1.34 1.21 1.70 1.25
blue flower 0.71 0.88 0.52 0.82
bluish ip-een 0.82 0.53 0.53 0.62
orange 0.51 0.99 1.83 0.78
purplish blue 1.42 1.44 0.71 1.40
moderate red 0.52 1.40 1.18 0.97
purple 1.12 1.86 1.07 1.49
yellow green 0.62 0.57 1.35 0.59
orange yellow 0.37 0.64 1.48 0.54
blue 2.11 2.06 0.91 1.94
green 1.41 0.88 1.48 1.02
red 0.57 2.02 1.96 1.12
yellow 0.32 0.51 1.55 0.44
magenta 0.46 1.25 0.70 0.86
cyan 1.44 0.96 0.62 1.07
white 0.36 0.37 0.35 0.37
neutral 8 0.49 0.51 0.46 0.51
neutral 6.5 0.66 0.69 0.62 0.69
neutral 5 0.94 0.98 0.88 0.97
neutral 3.5 1.42 1.50 1.35 1.47
black 2.21 2.42 2.20 2.30
Transparency G
65
RED GREEN BLUE VISUAL
white 0.19 0.19 0.18 0.19
2 0.22 0.22 0.21 0.22
3 0.25 0.26 0.24 0.26
4 0.29 0.30 0.27 0.29
5 0.32 0.33 0.30 0.33
6 0.34 0.37 0.31 0.37
7 0.38 0.40 0.34 0.40
8 0.41 0.44 0.39 0.43
9 0.43 0.47 0.42 0.46
10 0.46 0.50 0.45 0.49
11 0.48 0.53 0.47 0.50
12 0.50 0.55 0.49 0.52
13 0.52 0.57 0.52 0.52
14 0.53 0.59 0.55 0.55
15 0.53 0.60 0.57 0.56
16 0.54 0.61 0.57 0.58
17 0.55 0.61 0.59 0.60
18 0.56 0.63 0.60 0.60
19 0.57 0.64 0.61 0.62
black 0.57 0.65 0.63 0.63
RED GREEN BLUE VISUAL
dark skin 0.41 0.55 0.58 0.51
light skin 0.22 0.34 0.37 0.30
blue sky 0.43 0.39 0.29 0.41
foliage 0.44 0.44 0.55 0.45
blue flower 0.28 0.34 0.23 0.33
bluish green 0.33 0.22 0.25 0.26
orange 0.23 0.41 0.48 0.35
purplish blue 0.46 0.48 0.30 0.48
moderate red 0.22 0.48 0.45 0.31
purple 0.38 0.53 0.41 0.48
yellow green 0.26 0.23 0.48 0.24
orange yellow 0.17 0.26 0.51 0.23
blue 0.54 0.57 0.36 0.56
green 0.46 0.34 0.51 0.38
red 0.22 0.56 0.57 0.43
yellow 0.15 0.21 0.51 0.20
magenta 0.19 0.44 0.29 0.35
cyan 0.45 0.34 0.28 0.38
white 0.18 0.17 0.17 0.18
neutral 8 0.22 0.21 0.21 0.22
neutral 6.5 0.27 0.28 0.28 0.28
neutral 5 0.35 0.37 0.37 0.37
neutral 3.5 0.44 0.49 0.49 0.48
black 0.52 0.59 0.61 0.57
Transparency H
66
RED GREEN BLUE VISUAL
white 0.21 0.23 0.19 0.23
2 0.24 0.24 0.23 0.25
3 0.29 0.29 0.27 0.30
4 0.34 0.35 0.31 0.35
5 0.38 0.40 0.36 0.40
6 0.43 0.45 0.42 0.45
7 0.48 0.51 0.43 0.51
8 0.52 0.56 0.48 0.55
9 0.57 0.61 0.53 0.60
10 0.60 0.66 0.57 0.64
11 0.63 0.69 0.62 0.68
12 0.66 0.73 0.65 0.71
13 0.69 0.77 0.71 0.75
14 0.72 0.80 0.74 0.78
15 0.73 0.82 0.79 0.80
16 0.75 0.83 0.81 0.81
17 0.76 0.85 0.82 0.83
18 0.77 0.87 0.83 0.84
19 0.78 0.88 0.86 0.85
black 0.78 0.89 0.88 0.85
RED GREEN BLUE VISUAL
dark skin 0.52 0.70 0.73 0.64
light skin 0.25 0.41 0.44 0.36
blue sky 0.56 0.50 0.35 0.52
foliage 0.58 0.57 0.70 0.58
blue flowei 0.35 0.43 0.27 0.41
bluish green 0.42 0.26 0.28 0.31
orange 0.26 0.50 0.74 0.42
purplish blue 0.60 0.62 0.36 0.62
moderate red 0.26 0.62 0.56 0.48
purple 0.51 0.71 0.51 0.64
yellow green 0.32 0.28 0.62 0.29
orange yellow 0.19 0.32 0.65 0.28
blue 0.72 0.75 0.45 0.74
green 0.60 0.43 0.67 0.48
red 0.27 0.75 0.76 0.62
yellow 0.17 0.25 0.66 0.48
magenta 0.23 0.57 0.34 0.56
cyan 0.60 0.45 0.32 0.23
white 0.19 0.18 0.18 0.44
neutral 8 0.25 0.25 0.23 0.50
neutral 6.5 0.33 0.34 0.32 0.19
neutral 5 0.45 0.47 0.45 0.25
neutral 3.5 0.59 0.65 0.62 0.34
black 0.72 0.81 0.81 0.47
Transparency I
67
RED GREEN BLUE VISUAL
white 0.22 0.24 0.23 0.23
2 0.27 0.27 0.26 0.27
3 0.32 0.33 0.31 0.33
4 0.38 0.39 0.37 0.40
5 0.44 0.46 0.42 0.46
6 0.49 0.52 0.48 0.52
7 0.55 0.58 0.54 0.57
8 0.60 0.64 0.60 0.63
9 0.66 0.71 0.68 0.70
10 0.71 0.76 0.73 0.75
11 0.74 0.80 0.78 0.79
12 0.78 0.85 0.82 0.83
13 0.82 0.89 0.88 0.87
14 0.86 0.94 0.95 0.92
15 0.89 0.98 1.00 0.96
16 0.91 1.01 1.03 0.99
17 0.93 1.03 1.07 1.01
18 0.94 1.06 1.09 1.04
19 0.96 1.08 1.12 1.05
black 0.97 1.08 1.12 1.05
RED GREEN BLUE VISUAL
dark skin 0.60 0.82 0.89 0.74
light skin 0.28 0.46 0.52 0.41
blue sky 0.66 0.57 0.40 0.61
foliage 0.68 0.66 0.88 0.68
blue flower 0.40 0.49 0.30 0.47
bluish green 0.48 0.29 0.31 0.35
orange 0.28 0.61 0.94 0.47
purplish blue 0.71 0.73 0.42 0.73
moderate red 0.28 0.72 0.66 0.55
purple 0.58 0.84 0.60 0.75
yellow green 0.35 0.32 0.74 0.33
orange yellow 0.21 0.36 0.80 0.32
blue 0.88 0.90 0.52 0.89
green 0.71 0.48 0.80 0.56
red 0.30 0.90 0.94 0.64
yellow 0.19 0.28 0.82 0.25
magenta 0.26 0.67 0.40 0.51
cyan 0.72 0.52 0.38 0.58
white 0.21 0.21 0.20 0.21
neutral 8 0.28 0.28 0.27 0.28
neutral 6.5 0.38 0.38 0.37 0.39
neutral 5 0.53 0.55 0.53 0.55
neutral 3.5 0.71 0.77 0.76 0.76
black 0.89 0.99 1.02 0.96
Transparency J
68
RED GREEN BLUE VISUAL
white 0.21 0.21 0.19 0.21
2 0.25 0.25 0.23 0.25
3 0.30 0.31 0.28 0.31
4 0.36 0.37 0.35 0.37
5 0.42 0.44 0.40 0.44
6 0.47 0.50 0.47 0.50
7 0.54 0.58 0.51 0.57
8 0.59 0.64 0.61 0.63
9 0.65 0.71 0.68 0.69
10 0.71 0.77 0.75 0.76
11 0.75 0.83 0.82 0.82
12 0.80 0.89 0.90 0.86
13 0.84 0.94 0.98 0.91
14 0.88 1.00 1.04 0.97
15 0.92 1.04 1.09 1.00
16 0.94 1.07 1.14 1.03
17 0.97 1.11 1.19 1.07
18 0.99 1.13 1.24 1.09
19 1.01 1.16 1.25 1.11
black 1.01 1.16 1.26 1.12
RED GREEN BLUE VISUAL
dark skin 0.60 0.85 0.95 0.76
light skin 0.26 0.45 0.50 0.39
blue !iky 0.65 0.56 0.39 0.59
foliage 0.68 0.67 0.91 0.68
blue flowei 0.38 0.47 0.28 0.44
bluish green 0.46 0.27 0.29 0.32
orange 0.28 0.58 0.97 0.47
purplish blue 0.71 0.74 0.40 0.74
moderate red 0.27 0.73 0.67 0.55
purple 0.58 0.87 0.60 0.77
yellow green 0.33 0.29 0.76 0.31
orange yellow 0.19 0.35 0.82 0.29
blue 0.92 0.95 0.51 0.93
green 0.72 0.48 0.84 0.56
red 0.29 0.94 0.99 0.65
yellow 0.17 0.27 0.85 0.24
magenta 0.25 0.67 0.38 0.50
cyan 0.72 0.51 0.36 0.58
white 0.19 0.19 0.19 0.20
neutral 8 0.26 0.26 0.25 0.27
neutral 6.f 0.36 0.37 0.35 0.38
neutral 5 0.52 0.55 0.52 0.54
neutral 3.5 0.72 0.78 0.78 0.77
black 0.94 1.05 1.11 1.02
Transparency K
69
RED GREEN BLUE VISUAL
white 0.24 0.30 0.23 0.27
2 0.30 0.31 0.28 0.31
3 0.37 0.38 0.35 0.38
4 0.44 0.46 0.41 0.46
5 0.50 0.53 0.48 0.53
6 0.57 0.60 0.55 0.61
7 0.64 0.67 0.63 0.65
8 0.70 0.75 0.64 0.67
9 0.76 0.82 0.70 0.74
10 0.83 0.90 0.79 0.81
11 0.88 0.96 0.87 0.88
12 0.94 1.03 0.94 0.94
13 1.00 1.10 1.04 1.01
14 1.05 1.17 1.12 1.07
15 1.09 1.20 1.22 1.13
16 1.11 1.24 1.29 1.18
17 1.15 1.28 1.33 1.21
18 1.17 1.30 1.38 1.24
19 1.20 1.33 1.42 1.28
black 1.21 1.36 1.45 1.29
RED GREEN BLUE ,VISUAL
dark skin 0.69 0.98 1.10 0.88
light skin 0.33 0.55 0.60 0.47
blue sky 0.77 0.67 0.46 0.71
foliage 0.81 0.78 1.09 0.80
blue flower 0.46 0.58 0.35 0.54
bluish green 0.55 0.34 0.37 0.40
orange 0.33 0.68 1.14 0.55
purplish blue 0.84 0.87 0.48 0.86
moderate red 0.33 0.86 0.79 0.63
purple 0.70 1.03 0.72 0.90
yellow green 0.41 0.37 0.91 0.39
orange yellow 0.25 0.43 0.99 0.37
blue 1.07 1.10 0.60 1.08
green 0.84 0.57 0.98 0.66
red 0.35 1.09 1.18 0.74
yellow 0.21 0.33 1.00 0.29
magenta 0.30 0.79 0.47 0.59
cyan 0.85 0.61 0.43 0.69
white 0.24 0.23 0.23 0.23
neutral 8 0.32 0.32 0.30 0.32
neutral 6.5 0.44 0.45 0.42 0.45
neutral 5 0.62 0.65 0.62 0.65
neutral 3.5 0.85 0.91 0.91 0.90
black 1.10 1.22 1.30 1.19
Transparency L
70
RED GREEN BLUE VISUAL
white 0.20 0.20 0.19 0.20
2 0.23 0.23 0.22 0.23
3 0.27 0.27 0.27 0.27
4 0.30 0.32 0.30 0.31
5 0.34 0.36 0.34 0.36
6 0.38 0.41 0.38 0.40
7 0.42 0.45 0.42 0.44
8 0.46 0.48 0.46 0.48
9 0.50 0.52 0.47 0.50
10 0.53 0.58 0.51 0.54
11 0.56 0.59 0.56 0.58
12 0.59 0.61 0.57 0.60
13 0.60 0.65 0.59 0.63
14 0.61 0.67 0.62 0.65
15 0.63 0.70 0.64 0.66
16 0.64 0.71 0.67 0.68
17 0.64 0.71 0.69 0.69
18 0.65 0.73 0.71 0.70
19 0.66 0.74 0.73 0.72
black 0.67 0.75 0.74 0.72
RED GREEN BLUE VISUAL
dark skin 0.46 0.62 0.66 0.57
light skin 0.23 0.36 0.41 0.32
blue sky 0.50 0.44 0.32 0.46
foliage 0.51 0.49 0.62 0.51
blue flowei 0.31 0.38 0.24 0.36
bluish green 0.37 0.24 0.26 0.28
orange 0.25 0.47 0.67 0.39
purplish blue 0.53 0.55 0.34 0.55
moderate red 0.24 0.55 0.50 0.44
purple 0.44 0.63 0.46 0.57
yellow green 0.28 0.26 0.55 0.27
orange yellow 0.18 0.29 0.59 0.26
blue 0.65 0.66 0.40 0.66
green 0.54 0.38 0.59 0.43
red 0.25 0.66 0.67 0.50
yellow 0.16 0.23 0.58 0.21
magenta 0.22 0.51 0.32 0.40
cyan 0.54 0.40 0.31 0.45
white 0.19 0.19 0.19 0.19
neutral 8 0.23 0.24 0.23 0.24
neutral 6.f 0.30 0.31 0.31 0.32
neutral 5 0.40 0.42 0.41 0.42
neutral 3.f 0.52 0.57 0.55 0.42
black 0.64 0.70 0.71 0.56
Transparency M
71
RED GREEN BLUE VISUAL
white 0.21 0.21 0.20 0.21
2 0.24 0.25 0.24 0.25
3 0.29 0.30 0.28 0.30
4 0.34 0.35 0.33 0.35
5 0.39 0.39 0.38 0.41
6 0.44 0.42 0.42 0.46
7 0.49 0.47 0.44 0.56
8 0.55 0.52 0.50 0.59
9 0.61 0.55 0.55 0.63
10 0.65 0.58 0.60 0.69
11 0.68 0.62 0.61 0.72
12 0.72 0.64 0.67 0.77
13 0.76 0.69 0.71 0.81
14 0.78 0.73 0.77 0.85
15 0.80 0.76 0.82 0.89
16 0.83 0.79 0.88 0.90
17 0.84 0.83 0.93 0.93
18 0.86 0.88 0.95 0.95
19 0.87 0.90 1.00 0.97
black 0.88 0.92 1.01 0.99
RED GREEN BLUE VISUAL
dark skin 0.54 0.76 0.82 0.69
light skin 0.25 0.42 0.47 0.36
blue sky 0.60 0.51 0.36 0.55
foliage 0.62 0.58 0.79 0.61
blue flower 0.35 0.44 0.27 0.41
bluish green 0.43 0.26 0.29 0.32
orange 0.26 0.55 0.84 0.43
purplish blue 0.65 0.67 0.38 0.67
moderate red 0.26 0.67 0.60 0.51
purple 0.53 0.78 0.55 0.69
yellow green 0.31 0.28 0.68 0.29
orange yellow 0.19 0.32 0.73 0.28
blue 0.82 0.84 0.47 0.83
green 0.65 0.44 0.73 0.50
red 0.28 0.83 0.85 0.60
yellow 0.17 0.26 0.75 0.23
magenta 0.24 0.61 0.36 0.47
cyan 0.66 0.47 0.34 0.53
white 0.20 0.19 0.19 0.20
neutral 8 0.25 0.25 0.24 0.25
neutral 6.5 0.34 0.34 0.33 0.35
neutral 5 0.48 0.50 0.48 0.49
neutral 3.5 0.65 0.69 0.68 0.68
black 0.82 0.90 0.92 0.88
Transparency N
72
RED GREEN BLUE VISUAL
white 0.22 0.22 0.23 0.22
2 0.26 0.26 0.25 0.26
3 0.31 0.32 0.30 0.32
4 0.36 0.38 0.35 0.38
5 0.42 0.44 0.41 0.44
6 0.47 0.50 0.47 0.50
7 0.53 0.57 0.54 0.57
8 0.55 0.64 0.60 0.63
9 0.60 0.70 0.67 0.69
10 0.66 0.77 0.74 0.76
11 0.72 0.83 0.80 0.81
12 0.73 0.89 0.86 0.85
13 0.77 0.95 0.94 0.90
14 0.82 1.01 1.00 0.93
15 0.85 1.05 1.06 1.02
16 0.92 1.08 1.12 1.05
17 0.98 1.10 1.14 1.08
18 1.01 1.12 1.19 1.11
19 1.03 1.15 1.21 1.12
black 1.05 1.20 1.21 1.13
RED GREEN BLUE VISUAL
dark skin 0.59 0.84 0.91 0.75
light skin 0.27 0.45 0.51 0.40
blue sky 0.67 0.57 0.39 0.60
foliage 0.69 0.66 0.89 0.68
blue flowei 0.39 0.49 0.30 0.46
bluish green 0.46 0.28 0.30 0.34
orange 0.28 0.57 0.95 0.47
purplish blue 0.72 0.74 0.41 0.74
moderate red 0.28 0.74 0.67 0.56
purple 0.59 0.88 0.61 0.77
yellow green 0.34 0.30 0.75 0.32
orange yellow 0.21 0.35 0.82 0.31
blue 0.94 0.95 0.56 0.94
green 0.72 0.48 0.82 0.56
red 0.30 0.94 0.98 0.66
yellow 0.18 0.28 0.84 0.25
magenta 0.25 0.67 0.38 0.50
cyan 0.73 0.52 0.37 0.58
white 0.21 0.21 0.21 0.21
neutral 8 0.27 0.27 0.27 0.27
neutral 6.5 0.36 0.38 0.37 0.38
neutral 5 0.52 0.55 0.52 0.55
neutral 3.5 0.72 0.77 0.76 0.76
black 0.95 1.05 1.07 1.03
Transparency O
73
RED GREEN BLUE VISUAL
white 0.21 0.22 0.20 0.22
2 0.25 0.26 0.24 0.26
3 0.31 0.32 0.30 0.33
4 0.36 0.39 0.35 0.39
5 0.43 0.45 0.40 0.45
6 0.49 0.52 0.45 0.51
7 0.56 0.59 0.47 0.59
8 0.62 0.65 0.55 0.65
9 0.69 0.73 0.62 0.73
10 0.76 0.81 0.70 0.80
11 0.81 0.87 0.77 0.86
12 0.88 0.94 0.80 0.93
13 0.93 1.01 0.85 1.00
14 1.00 1.09 0.93 1.07
15 1.05 1.15 1.00 1.12
16 1.09 1.21 1.09 1.16
17 1.14 1.26 1.17 1.19
18 1.16 1.28 1.23 1.22
19 1.17 1.32 1.31 1.24
black 1.18 1.33 1.37 1.31
RED GREEN BLUE VISUAL
dark skin 0.62 0.89 0.99 0.80
light skin 0.27 0.46 0.51 0.49
blue sky 0.70 0.58 0.39 0.62
foliage 0.74 0.69 0.99 0.71
blue flower 0.39 0.49 0.29 0.46
bluish green 0.48 0.28 0.30 0.34
orange 0.27 0.59 1.02 0.47
purplish blue 0.76 0.78 0.41 0.78
moderate red 0.28 0.77 0.69 0.58
purple 0.62 0.94 0.63 0.82
yellow green 0.34 0.31 0.81 0.33
orange yellow 0.20 0.35 0.86 0.30
blue 1.02 1.02 0.53 1.01
green 0.76 0.49 0.87 0.57
red 0.30 1.00 1.06 0.68
yellow 0.18 1.27 0.89 0.24
magenta 0.25 0.69 0.40 0.52
cyan 0.77 0.52 0.36 0.59
white 0.20 0.20 0.19 0.20
neutral 8 0.27 0.26 0.25 0.26
neutral 6.5 0.36 0.37 0.35 0.37
neutral 5 0.53 0.55 0.53 0.55
neutral 3.5 0.76 0.81 0.80 0.50
black 1.04 1.16 1.19 1.12
Transparency P
74
RED GREEN BLUE VISUAL
white 0.22 0.22 0.22 0.24
2 0.27 0.27 0.26 0.28
3 0.32 0.34 0.32 0.34
4 0.39 0.41 0.39 0.41
5 0.45 0.48 0.43 0.47
6 0.51 0.55 0.50 0.54
7 0.58 0.62 0.58 0.62
8 0.65 0.69 0.66 0.70
9 0.72 0.77 0.73 0.76
10 0.79 0.85 0.82 0.84
11 0.84 0.91 0.88 0.90
12 0.92 1.00 0.99 0.98
13 0.98 1.07 1.08 1.05
14 1.04 1.16 1.17 1.13
15 1.10 1.25 1.24 1.18
16 1.13 1.29 1.30 1.21
17 1.18 1.35 1.41 1.24
18 1.21 1.38 1.46 1.29
19 1.23 1.45 1.51 1.33
black 1.26 1.45 1.53 1.36
RED GREEN BLUE VISUAL
dark skin 0.65 0.94 1.05 0.84
light skin 0.28 0.48 0.55 0.42
blue sky 0.73 0.61 0.41 0.64
foliage 0.77 0.71 1.03 0.74
blue flower 0.41 0.52 0.30 0.48
bluish green 0.49 0.29 0.32 0.35
orange 0.29 0.63 1.09 0.50
purplish blue 0.81 0.82 0.43 0.81
moderate red1 0.29 0.81 0.74 0.59
purple 0.65 1.00 0.66 0.86
yellow greeni 0.35 0.32 0.84 0.33
orange yello1*v 0.21 0.37 0.92 0.32
blue 1.08 1.09 0.55 1.07
green 0.80 0.51 0.82 0.61
red 0.32 1.07 1.13 0.72
yellow 0.18 0.29 0.94 0.25
magenta 0.26 0.73 0.41 0.55
cyan 0.81 0.55 0.38 0.63
white 0.20 0.21 0.21 0.21
neutral 8 0.28 0.28 0.27 0.28
neutral 6.5 0.39 0.40 0.38 0.40
neutral 5 0.55 0.59 0.56 0.58
neutral 3.5 0.80 0.86 0.85 0.85
black 1.11 1.23 1.27 1.21
Transparency Q
75
RED GREEN BLUE VISUAL
white 0.23 0.22 0.22 0.26
2 0.27 0.27 0.26 0.28
3 0.33 0.33 0.31 0.35
4 0.40 0.40 0.38 0.41
5 0.46 0.48 0.44 0.48
6 0.53 0.55 0.51 0.55
7 0.60 0.60 0.59 0.64
8 0.67 0.65 0.64 0.71
9 0.76 0.72 0.68 0. 80
10 0.84 0.80 0.72 0.88
11 0.92 0.89 0.77 0.96
12 1.00 0.98 0.86 1.06
13 1.08 1.08 0.96 1.15
14 1.17 1.18 0.97 1.26
15 1.25 1.29 1.09 1.34
16 1.30 1.33 1.19 1.39
17 1.35 1.47 1.33 1.47
18 1.41 1.56 1.45 1.51
19 1.44 1.61 1.53 1.56
black 1.46 1.67 1.53 1.61
RED GREEN BLUE VISUAL
dark skin 0.67 1.00 1.13 0.88
light skin 0.29 0.49 0.55 0.44
blue sky 0.77 0.63 0.42 0.68
foliage 0.82 0.76 1.14 0.79
blue flower 0.42 0.54 0.32 0.50
bluish green 0.52 0.30 0.33 0.37
orange 0.29 0.64 1.19 0.53
purplish blue 0.84 0.86 0.44 0.85
moderate red 0.30 0.84 0.76 0.61
purple 0.68 1.07 0.68 0.92
yellow green 0.37 0.33 0.89 0.34
orange yellow 0.21 0.38 0.91 0.32
blue 1.20 1.18 0.57 1.16
green 0.85 0.52 0.98 0.62
red 0.33 1.17 1.25 0.76
yellow 0.18 0.38 1.02 0.26
magenta 0.27 0.76 0.42 0.56
cyan 0.86 0.56 0.38 0.65
white 0.21 0.20 0.19 0.20
neutral 8 0.28 0.28 0.26 0.29
neutral 6.5 0.39 0.41 0.37 0.41
neutral 5 0.58 0.60 0.56 0.61
neutral 3.5 0.85 0.91 0.88 0.89
black 1.25 1.39 1.41 1.34
Transparency R
76
RED GREEN BLUE VISUAL
white 0.22 0.24 0.22 0.23
2 0.26 0.27 0.26 0.27
3 0.32 0.34 0.31 0.34
4 0.39 0.40 0.38 0.41
5 0.46 0.48 0.45 0.48
6 0.52 0.56 0.51 0.56
7 0.60 0.65 0.61 0.64
8 0.68 0.73 0.69 0.72
9 0.76 0.82 0.79 0.81
10 0.85 0.91 0.88 0.90
11 0.92 0.99 0.98 0.98
12 1.01 1.10 1.10 1.08
13 1.11 1.21 1.24 1.18
14 1.21 1.33 1.36 1.29
15 1.29 1.43 1.49 1.38
16 1.35 1.52 1.59 1.46
17 1.42 1.63 1.73 1.55
18 1.46 1.68 1.81 1.61
19 1.53 1.75 1.88 1.66
black 1.53 1.76 1.89 1.67
RED GREEN BLUE VISUAL
dark skin 0.68 1.00 1.16 0.89
light skin 0.28 0.49 0.56 0.42
blue sky 0.77 0.63 0.42 0.68
foliage 0.83 0.76 1.15 0.79
blue flowei 0.42 0.53 0.31 0.50
bluish green 0.52 0.30 0.32 0.37
orange 0.29 0.65 1.23 0.51
purplish blue 0.86 0.87 0.45 0.87
moderate red 0.30 0.86 0.77 0.62
purple 0.68 1.10 0.69 0.93
yellow green 0.36 0.33 0.91 0.34
orange yellow 0.21 0.38 0.99 0.32
blue 1.22 1.22 0.58 1.19
green 0.86 0.53 1.01 0.63
red 0.33 1.21 1.27 0.77
yellow 0.18 0.30 1.03 0.26
magenta 0.27 0.78 0.42 0.57
cyan 0.87 0.57 0.38 0.65
white 0.21 0.21 0.21 0.21
neutral 8 0.29 0.28 0.26 0.28
neutral 6.5 0.38 0.40 0.37 0.39
neutral 5 0.57 0.60 0.56 0.59
neutral 3.5 0.87 0.92 0.89 0.91
black 1.29 1.44 1.45 1.39
Transparency U
77
RED GREEN BLUE VISUAL
white 0.39 0.41 0.38 0.41
2 0.46 0.48 0.44 0.47
3 0.55 0.54 0.50 0.51
4 0.61 0.62 0.55 0.59
5 0.65 0.66 0.60 0.65
6 0.69 0.70 0.65 0.69
7 0.74 0.75 0.71 0.74
8 0.78 0.79 0.75 0.78
9 0.80 0.84 0.79 0.82
10 0.84 0.87 0.84 0.85
11 0.87 0.90 0.86 0.88
12 0.89 0.93 0.89 0.90
13 0.91 0.95 0.92 0.93
14 0.92 0.98 0.94 0.95
15 0.93 1.00 0.97 0.97
16 0.93 1.02 1.00 0.98
17 0.94 1.04 1.02 1.00
18 0.95 1.05 1.03 1.01
19 0.95 1.06 1.04 1.02
black 0.96 1.06 1.05 1.02
RED GREEN BLUE VISUAL
dark skin 0.73 0.92 0.95 0.86
light skin 0.45 0.65 0.68 0.58
blue sky 0.76 0.73 0.57 0.75
foliage 0.78 0.80 0.91 0.80
blue flower 0.58 0.68 0.48 0.65
bluish green 0.63 0.49 0.50 0.54
orange 0.46 0.75 0.95 0.64
purplish blue 0.79 0.85 0.59 0.83
moderate red 0.44 0.83 0.79 0.68
purple 0.79 0.91 0.73 0.84
yellow green 0.53 0.50 0.82 0.51
orange yellow 0.36 0.54 0.86 0.48
blue 0.90 0.96 0.67 0.94
green 0.79 0.66 0.87 0.71
red 0.44 0.93 0.95 0.73
yellow 0.33 0.44 0.85 0.40
magenta 0.39 0.78 0.56 0.63
cyan 0.79 0.69 0.53 0.72
white 0.36 0.37 0.36 0.37
neutral 8 0.45 0.47 0.44 0.47
neutral 6.5 0.55 0.58 0.55 0.58
neutral 5 0.67 0.71 0.68 0.71
neutral 3.5 0.79 0.85 0.84 0.84
black 0.89 0.98 0.98 0.96
Transparency V
78
RED GREEN BLUE VISUAL
white 0.43 0.45 0.41 0.45
2 0.50 0.53 0.48 0.
3 0.65 0.61 0.56 0.60
4 0.71 0.69 0.63 0.68
5 0.72 0.76 0.69 0.75
6 0.83 0.83 0.76 0.81
7 0.88 0.89 0.84 0.87
8 0.94 0.95 0.89 0.94
9 0.99 1.01 0.97 0.99
10 1.05 1.07 1.04 1.05
11 1.10 1.12 1.08 1.09
12 1.15 1.19 1.14 1.14
13 1.17 1.23 1.19 1.18
14 1*19 1.27 1.28 1.22
15 1.21 1.32 1.32 1.26
16 1.23 1.34 1.37 1.27
17 1.25 1.39 1.41 1.29
18 1.25 1.41 1.43 1.31
19 1.26 1.42 1.44 1.33
black 1.27 1.43 1.44 1.34
RED GREEN BLUE VISUAL
dark skin 0.89 1.14 1.20 1.05
light skin 0.52 0.76 0.81 0.68
blue sky 0.94 0.88 0.65 0.90
foliage 0.96 0.96 1.15 0.96
blue flower 0.67 0.79 0.53 0.75
bluish green 0.74 0.55 0.55 0.61
orange 0.54 0.88 1.23 0.75
purplish blue 1.00 1.06 0.68 1.04
moderate red 0.50 1.03 0.96 0.81
purple 0.87 1.15 0.88 1.04
yellow green 0.60 0.56 1.02 0.58
orange yellow 0.40 0.62 1.07 0.54
blue 1.18 1.24 0.80 1.21
green 0.99 1.79 1.10 0.86
red 0.50 1.20 1.24 0.88
yellow 0.35 0.50 1.08 0.46
magenta 0.44 0.95 0.63 0.73
cyan 0.98 0.82 0.61 0.87
white 0.40 0.42 0.39 0.41
neutral 8 0.50 0.53 0.48 0.53
neutral 6.5 0.64 0.67 0.62 0.66
neutral 5 0.79 0.85 0.79 0.83
neutral 3.5 0.98 1.07 1.04 1.04
black 1.16 1.31 1.31 1.26
Transparency W
79
RED GREEN BLUE VISUAL
white 0.44 0.46 0.41 0.46
2 0.52 0.54 0.47 0.53
3 0.59 0.63 0.56 0.62
4 0.66 0.71 0.62 0.70
5 0.73 0.79 0.70 0.77
6 0.80 0.86 0.78 0.84
7 0.87 0.94 0.87 0.92
8 0.93 1.02 0.95 0.99
9 1.00 1.10 1.03 1.07
10 1.07 1.17 1.13 1.14
11 1.12 1.24 1.21 1.20
12 1.18 1.31 1.29 1.26
13 1.23 1.38 1.37 1.32
14 1.28 1.44 1.46 1.39
15 1.32 1.49 1.52 1.42
16 1.35 1.53 1.57 1.46
17 1.38 1.56 1.61 1.49
18 1.41 1.60 1.68 1.52
19 1.42 1.62 1.70 1.55
black 1.43 1.63 1.71 1.56
RED GREEN BLUE VISUAL
dark skin 0.95 1.26 1.36 1.14
light skin 0.52 0.79 0.84 0.69
blue sky 0.99 0.93 0.67 0.95
foliage 1.03 1.04 1.32 1.04
blue flower 0.68 0.82 0.54 0.78
bluish green 0.76 0.56 0.56 0.62
orange 0.53 0.93 1.38 0.77
purplish blue 1.07 1.15 0.70 1.11
moderate red 0.51 1.11 1.04 0.84
purple 0.92 1.29 0.96 1.14
yellow green 0.61 0.58 1.13 0.59
orange yellow 0.40 0.63 1.19 0.55
blue 1.32 1.40 0.84 1.34
green 1.07 0.84 1.22 0.91
red 0.52 1.35 1.40 0.94
yellow 0.35 0.51 1.22 0.46
magenta 0.44 1.01 0.66 0.76
cyan 1.06 0.87 0.63 0.92
white 0.39 0.41 0.37 0.40
neutral 8 0.59 0.54 0.48 0.53
neutral 6.5 0.64 0.69 0.62 0.68
neutral 5 0.83 0.90 0.84 0.88
neutral 3.5 1.06 1.18 1.15 1.14
black 1.30 1.48 1.52 1.42
Transparency X
80
RED GREEN BLUE VISUAL
white 0.45 0.47 0.42 0.47
2 0.52 0.55 0.49 0.56
3 0.61 0.65 0.58 0.64
4 0.69 0.74 0.66 0.73
5 0.77 0.83 0.74 0.81
6 0.84 0.91 0.83 0.89
7 0.93 1.00 0.93 0.98
8 1.00 1.08 1.02 1.06
9 1.09 1.19 1.12 1.15
10 1.17 1.27 1.23 1.24
11 1.23 1.35 1.32 1.31
12 1.30 1.44 1.42 1.39
13 1.36 1.51 1.52 1.46
14 1.44 1.60 1.62 1.54
15 1.47 1.67 1.71 1.62
16 1.49 1.72 1.76 1.68
17 1.54 1.77 1.83 1.71
18 1.57 1.81 1.88 1.75
19 1.59 1.82 1.92 1.75
black 1.60 1.84 1.94 1.76
RED GREEN BLUE VISUAL
dark skin 1.01 1.37 1.50 1.22
light skin 0.55 1.83 0.90 0.73
blue sky 1.09 0.99 0.71 1.02
foliage 1.13 1.12 1.45 1.13
blue flower 0.73 0.88 0.57 0.83
bluish green 0.81 0.59 0.59 0.66
orange 0.56 0.98 1.54 0.81
purplish blue 1.17 1.24 0.73 1.21
moderate red 0.54 1.21 1.13 0.90
purple 1.00 1.43 1.03 1.25
yellow green 0.65 0.61 1.24 0.63
orange yellow 0.42 0.67 1.33 0.58
blue 1.47 1.54 0.90 1.48
green 1.17 0.88 1.34 0.97
red 0.56 1.50 1.59 1.01
yellow 0.37 0.55 1.36 0.49
magenta 0.47 1.11 0.71 0.82
cyan 1.17 0.93 0.67 1.00
white 0.40 0.43 0.31 0.42
neutral 8 0.54 0.56 0.50 0.56
neutral 6.5 0.69 0.73 0.66 0.72
neutral 5 0.90 0.96 0.91 0.94
neutral 3.5 1.17 1.28 1.26 1.24
black 1.47 1.68 1.72 1.61
Transparency Y
81
RED GREEN BLUE VISUAL
white 0.42 0.44 0.38 0.43
2 0.49 0.52 0.45 0.51
3 0.66 0.63 0.53 0.61
4 0.75 0.71 0.62 0.71
5 0.82 0.80 0.71 0.79
6 0.90 0.88 0.79 0.86
7 0.99 0.98 0.89 0.95
8 1.07 1.07 0.99 1.04
9 1.16 1.18 1.10 1.14
10 1.24 1.29 1.23 1.24
11 1.32 1.38 1.33 1.33
12 1.39 1.49 1.45 1.43
13 1.46 1.59 1.56 1.52
14 1.52 1.68 1.69 1.60
15 1.57 1.76 1.78 1.67
16 1.61 1.82 1.85 1.72
17 1.64 1.88 1.94 1.78
18 1.67 1.92 2.00 1.82
19 1.69 1.96 2.04 1.84
black 1.70 1.98 2.06 1.86
RED GREEN BLUE VISUAL
dark skin 1.00 1.41 1.54 1.24
light skin 0.51 0.81 0.85 0.70
blue sky 1.08 0.98 0.67 1.01
foliage 1.13 1.12 1.49 1.13
blue flower 0.70 0.86 0.53 0.80
bluish green 0.79 0.55 0.54 0.62
orange 0.52 0.97 1.56 0.79
purplish blue 1.18 1.25 0.71 1.22
moderate red 0.52 1.23 1.12 0.89
purple 1.00 1.49 1.01 1.27
yellow green 0.62 0.58 1.24 0.59
orange yellow 0.39 0.65 1.32 0.55
blue 1.53 1.61 0.88 1.54
green 1.18 0.86 1.35 0.96
red 0.54 1.59 1.64 1.02
yellow 0.34 0.52 1.37 0.45
magenta 0.45 1.11 0.67 0.81
cyan 1.19 0.92 0.63 0.99
white 0.38 0.39 0.36 0.39
neutral 8 0.51 0.53 0.47 0.52
neutral 6.5 0.67 0.71 0.64 0.70
neutral 5 0.88 0.96 0.89 0.94
neutral 3.5 1.19 1.32 1.28 1.27
black 1.55 1.79 1.82 1.71
Transparency Z
82
RED GREEN BLUE VISUAL
white 0.43 0.45 0.40 0.45
2 0.51 0.54 0.47 0.54
3 0.61 0.64 0.65 0.63
4 0.69 0.73 0.73 0.72
5 0.77 0.82 0.83 0.82
6 0.85 0.91 0.93 0.90
7 0.94 1.02 1.04 1.00
8 1.03 1.12 1.18 1.10
9 1.13 1.25 1.32 1.21
10 1.23 1.37 1.44 1.33
11 1.32 1.48 1.58 1.43
12 1.42 1.61 1.71 1.55
13 1.51 1.72 1.86 1.65
14 1.60 1.84 1.97 1.76
15 1.67 1.93 2.05 1.83
16 1.72 1.99 2.13 1.88
17 1.76 2.05 2.19 1.94
18 1.79 2.09 2.23 1.97
19 1.82 2.12 2.25 2.00
black 1.83 2.14 2.26 2.02
RED GREEN BLUE VISUAL
dark skin 1.04 1.49 1.65 1.31
light skin 0.53 0.83 0.89 0.72
blue sky 1.14 1.02 0.71 1.06
foliage 1.20 1.18 1.62 1.20
blue flower 0.73 0.90 0.57 0.85
bluish green 0.63 0.58 0.58 0.66
orange 0.54 1.00 1.69 0.80
purplish blue 1.24 1.31 0.73 1.27
moderate red 0.53 1.28 1.17 0.93
purple 1.05 1.59 1.07 1.35
yellow green 0.64 0.61 1.33 0.63
orange yellow 0.40 0.68 1.43 0.58
blue 1.63 1.71 0.92 1.63
green 1.22 0.89 1.43 0.99
red 0.56 1.68 1.77 1.06
yellow 0.34 0.53 1.46 0.46
magenta 0.46 1.16 0.71 0.84
cyan 1.25 0.95 0.64 1.03
white 0.37 0.40 0.36 0.39
neutral 8 0.51 0.53 0.47 0.52
neutral 6.5 0.67 0.71 0.64 0.71
neutral 5 0.91 0.97 0.90 0.96
neutral 3.5 1.25 1.38 1.33 1.34
black 1.67 1.92 1.96 1.81
Transparency T
83
RED GREEN BLUE VISUAL
white 0.37 0.38 0.36 0.38
2 0.44 0.46 0.45 0.46
3 0.53 0.56 0.52 0.56
4 0.63 0.66 0.61 0.65
5 0.72 0.75 0.69 0.75
6 0.80 0.85 0.73 0.84
7 0.90 0.95 0.79 0.94
8 0.99 1.05 0.90 1.04
9 1.10 1.18 1.00 1.16
10 1.22 1.31 1.13 1.29
11 1.32 1.44 1.27 1.40
12 1.45 1.59 1.41 1.54
13 1.57 1.74 1.58 1.68
14 1.69 1.90 1.74 1.82
15 1.79 2.03 1.92 1.93
16 1.86 2.12 2.06 2.01
17 1.92 2.21 2.18 2.09
18 1.97 2.27 2.29 2.14
19 2.01 2.36 2.36 2.19
black 2.02 2.36 2.43 2.20
RED GREEN BLUE VISUAL
dark skin 0.99 1.45 1.67 1.26
light skin 0.49 0.77 0.86 0.67
blue sky 1.12 0.96 0.67
1.01
foliage 1.11 1.11 1.66 1.14
blue flower 0.58 0.83 0.53 0.76
bluish green 0.77 0.51 0.54 0.59
orange
purplish blue
0.49 0.94 1.74 0.75
1.25 1.29 0.71 1.26
moderate red 0.50 1.25 1.16 0.90
purple 1.02 1.61 1.04 1.34
yellow green 0.60 0.55 1.34 0.57
orange yellow 0.36 0.62 1.45 0.53
blue 1.75 1.77 0.88 1.72
green
red
1.25
0.53
0.84
1.74
1.44
1.84
0.96
1.05
yellow 0.31 0.50 1.50 0.43J
magenta 0.44 1.13 0.69 0.81
cyan
white
1.26 0.89 0.62 0.99
0.35 0.36 0.35 0.37
neutral 8 0.48 0.59 0.45 0.49
neutral 6.5 0.64 0.67 0.62 0.66
neutral 5 0.88 0.92 0.88 0.91
neutral 3.5 1.26 1.34 1.33 1.31
black 1.79 2.04 2.07 1.93
Transparency S
84
RED GREEN BLUE VISUAL
white 0.38 0.39 0.39 0.39
2 0.45 0.47 0.44 0.47
3 0.55 0.57 0.53 0.57
4 0.64 0.67 0.62 0.66
5 0.72 0.76 0.71 0.75
6 0.80 0.85 0.77 0.84
7 0.90 0.96 0.80 0.94
8 0.99 1.06 0.92 1.04
9 1.10 1.18 1.03 1.16
10 1.21 1.30 1.15 1.27
11 1.30 1.42 1.28 1.38
12 1.41 1.56 1.42 1.51
13 1.52 1.69 1.58 1.62
14 1.64 1.84 1.71 1.76
15 1.72 1.96 1.89 1.86
16 1.78 2.04 2.03 1.93
17 1.84 2.13 2.13 2.01
18 1.88 2.18 2.24 2.06
19 1.92 2.24 2.33 2.11
black 1.93 2.30 2.41 2.12
RED GREEN BLUE VISUAL
dark skin 0.99 1.42 1.65 1.25
light skin 0.49 0.78 0.88 0.68
blue sky 1.10 0.96 0.67 1.00
foliage 1.17 1.10 1.63 1.14
blue flower 0.68 0.82 0.53 0.77
bluish green 0.77 0.51 0.55 0.60
orange 0.49 0.94 1.72 0.75
purplish blue 1.22 1.26 0.72 1.23
moderate red 0.50 1.23 1.16 0.89
purple 1.01 1.57 1.05 1.31
yellow green 0.60 0.55 1.33 0.57
orange yellow 0.37 0.63 1.45 0.53
blue 1.69 1.72 0.90 1.65
green 1.22 0.83 1.44 0.95
red 0.53 1.69 1.82 1.04
yellow 0.32 0.50 1.49 0.43
magenta 0.44 1.12 0.69 0.81
cyan 1.24 0.89 0.62 0.98
white 0.35 0.36 0.63 0.37
neutral 8 0.48 0.49 0.46 0.49
neutral 6.5 0.64 0.68 0.63 0.66
neutral 5 0.87 0.92 0.89 0.91
neutral 3.5 1.23 1.33 1.33 1.30
black 1.73 1.98 2.04 1.87
Transparency AA
85
REDGREEN BLUE VISUAL
white 0.35 0.41 0.36 0.37
2 0.37 0.44 0.40 0.40
3 0.40 0.46 0.43 0.43
4 0.42 0.48 0.45 0.46
5 0.43 0.48 0.47 0.47
6 0.44 0.49 0.47 0.48
7 0.44 0.51 0.48 0.49
8 0.45 0.52 0.50 0.50
9 0.46 0.53 0.50 0.51
10 0.47 0.54 0.52 0.52
11 0.48 0.54 0.53 0.52
12 0.48 0.54 0.53 0.53
13 0.48 0.55 0.55 0.54
14 0.48 0.55 0.55 0.54
15 0.48 0.55 0.55 0.54
16 0.49 0.57 0.56 0.55
17 0.49 0.57 0.57 0.55
18 0.49 0.57 0.58 0.56
19 0.50 0.57 0.58 0.56
black 0.50 0.57 0.59 0.56
RED GREEN BLUE VISUAL
dark skin 0.47 0.56 0.57 0.53
light skin 0.36 0.47 0.50 0.44
blue sky 0.46 0.48 0.45 0.48
foliage 0.45 0.49 0.54 0.48
blue flower 0.39 0.45 0.39 0.44
bluish green 0.41 0.38 0.40 0.39
orange 0.38 0.50 0.57 0.47
purplish blue 0.47 0.52 0.45 0.51
moderate rec1 0.34 0.51 0.52 0.46
purple 0.43 0.52 0.49 0.49
yellow greeri 0.37 0.38 0.59 0.39
orange yellow 0.30 0.40 0.53 0.55
blue 0.50 0.56 0.49 0.48
green 0.47 0.46 0.49 0.47
red 0.34 0.53 0.55 0.34
yellow 0.29 0.36 0.52 0.43
magenta 0.31 0.48 0.43 0.45
cyan 0.45 0.45 0.42 0.34
white 0.32 0.35 0.34 0.39
neutral 8 0.36 0.40 0.39 0.42
neutral 6.5 0.39 0.40 0.43 0.46
neutral 5 0.42 0.46 0.48 0.45
neutral 3.5 0.45 0.50 0.52 0.50
black 0.47 0.53 0.55 0.52
Transparency AB
86
RED GREEN BLUE VISUAL
white 0.44 0.47 0.45 0.47
2 0.49 0.52 0.50 0.52
3 0.54 0.58 0.56 0.57
4 0.58 0.62 0.60 0.61
5 0.61 0.68 0.63 0.65
6 0.63 0.69 0.67 0.67
7 0.64 0.72 0.70 0.70
8 0.66 0.74 0.72 0.73
9 0.67 0.76 0.73 0.73
10 0.69 0.77 0.76 0.75
11 0.70 0.78 0.78 0.76
12 0.71 0.80 0.79 0.77
13 0.72 0.81 0.81 0.78
14 0.73 0.82 0.82 0.79
15 0.74 0.83 0.83 0.79
16 0.74 0.83 0.84 0.80
17 0.74 0.84 0.85 0.81
18 0.74 0.84 0.86 0.82
19 0.75 0.86 0.86 0.82
black 0.76 0.92 0.88 0.83
RED GREEN BLUE VISUAL
dark skin 0.68 0.80 0.86 0.77
light skin 0.49 0.65 0.69 0.60
blue sky 0.67 0.69 0.61 0.69
foliage 0.68 0.73 0.83 0.72
blue flower 0.57 0.64 0.53 0.62
bluish green 0.60 0.51 0.55 0.54
orange 0.51 0.70 0.86 0.65
purplish blue 0.70 0.76 0.63 0.74
moderate red 0.47 0.75 0.76 0.67
purple 0.65 0.79 0.72 0.74
yellow green 0.54 0.53 0.78 0.53
orange yellow 0.42 0.56 0.80 0.52
blue 0.77 0.82 0.68 0.81
green 0.70 0.65 0.80 0.68
red 0.47 0.80 0.84 0.68
yellow 0.38 0.50 0.79 0.45
magenta 0.44 0.72 0.60 0.61
cyan 0.69 0.65 0.58 0.67
white 0.42 0.44 0.44 0.44
neutral 8 0.49 0.52 0.52 0.52
neutral 6.5 0.55 0.60 0.59 0.59
neutral 5 0.62 0.69 0.70 0.66
neutral 3.5 0.68 0.76 0.80 0.74
black 0.73 0.82 0.88 0.81
Transparency AC
87
RED GREEN BLUE VISUAL
white 0.57 0.61 0.60 0.59
2 0.63 0.67 0.67 0.66
3 0.69 0.72 0.76 0.72
4 0.74 0.79 0.79 0.77
5 0.78 0.83 0.84 0.81
6 0.81 0.86 0.89 0.85
7 0.82 0.90 0.93 0.87
8 0.85 0.94 0.98 0.88
9 0.88 0.96 1.01 0.91
10 0.89 0.98 1.05 0.94
11 0.93 1.00 1.08 0.97
12 0.96 1.02 1.10 0.99
13 0.96 1.04 1.12 1.00
14 0.98 1.06 1.14 1.02
15 0.99 1.07 1.17 1.04
16 1.00 1.08 1.19 1.05
17 1.01 1.09 1.20 1.06
18 1.01 1.11 1.22 1.07
19 1.01 1.12 1.24 1.08
black 1.01 1.13 1.25 1.09
RED GREEN BLUE VISUAL
dark skin 0.87 1.04 1.17 0.98
light skin 0.64 0.82 0.92 0.76
blue sky 0.89 0.88 0.80 0.88
foliage 0.89 0.93 1.13 0.92
blue flower 0.73 0.83 0.69 0.79
bluish green 0.76 0.66 0.71 0.69
orange 0.64 0.89 1.17 0.81
purplish blue 0.91 0.98 0.83 0.95
moderate red 0.61 0.97 1.02 0.83
purple 0.84 1.02 0.96 0.95
yellow green 0.68 0.67 1.05 0.68
orange yellow 0.53 0.71 1.08 0.64
blue 1.00 1.07 0.91 1.04
green 0.91 0.85 1.10 0.87
red 0.61 1.04 1.16 0.86
yellow 0.49 0.62 1.07 0.58
magenta 0.56 0.92 0.80 0.78
cyan 0.89 0.84 0.76 0.86
white 0.54 0.57 0.58 0.56
neutral 8 0.63 0.67 0.68 0.66
neutral 6.5 0.73 0.76 0.78 0.74
neutral 5 0.80 0.87 0.91 0.85
neutral 3.5 0.90 0.98 1.06 0.95
black 0.97 1.08 1.20 1.04
Transparency AD
88
RED GREEN BLUE VISUAL
white 0.59 0.63 0.63 0.62
2 0.64 0.69 0.70 0.68
3 0.71 0.76 0.78 0.75
4 0.75 0.81 0.85 0.80
5 0.79 0.86 0.90 0.84
6 0.82 0.90 0.96 0.88
7 0.86 0.94 1.00 0.92
8 0.88 0.98 1.06 0.95
9 0.91 1.01 1.08 0.98
10 0.93 1.03 1.14 1.00
11 0.94 1.04 1.17 1.03
12 0.96 1.06 1.20 1.07
13 0.97 1.09 1.22 1.09
14 0.99 1.11 1.25 1.09
15 1.00 1.13 1.28 1.11
16 1.01 1.14 1.29 1.12
17 1.01 1.15 1.31 1.12
18 1.02 1.15 1.32 1.13
19 1.02 1.16 1.34 1.14
black 1.03 1.17 1.36 1.14
RED GREEN BLUE VISUAL
dark skin 0.89 1.08 1.27 1.02
light skin 0.66 0.86 1.00 0.79
blue sky 0.91 0.93 0.86 0.93
foliage 0.92 0.98 1.23 0.97
blue flower 0.75 0.87 0.73 0.83
bluish green 0.79 0.68 0.75 0.72
orange 0.67 0.94 1.28 0.84
purplish blue 0.94 1.02 0.87 1.00
moderate red 0.63 1.01 1.10 0.87
purple 0.87 1.06 1.03 1.00
yellow green 0.70 0.79 1.14 0.71
orange yellow 0.55 0.74 1.17 0.67
blue 1.02 1.11 0.97 1.08
green 0.94 0.88 1.20 0.91
red 0.64 1.10 1.27 0.91
yellow 0.52 0.66 1.19 0.62
magenta 0.58 0.96 0.85 0.82
cyan 0.92 0.88 0.81 0.90
white 0.56 0.60 0.64 0.59
neutral 8 0.65 0.69 0.71 0.69
neutral 6.5 0.74 0.79 0.83 0.79
neutral 5 0.84 0.91 0.98 0.89
neutral 3.5 0.93 1.03 1.15 1.00
black 1.01 1.14 1.31 1.10
Transparency AE
89
RED GREEN BLUE VISUAL
white 0.65 0.70 0.69 0.68
2 0.72 0.77 0.77 0.75
3 0.78 0.85 0.86 0.83
4 0.85 0.91 0.94 0.90
5 0.89 0.96 0.99 0.94
6 0.93 1.01 1.07 0.98
7 0.97 1.07 1.15 1.04
8 1.01 1.12 1.23 1.09
9 1.04 1.17 1.29 1.13
10 1.07 1.21 1.35 1.16
11 1.09 1.24 1.39 1.19
12 1.12 1.27 1.43 1.22
13 1.14 1.30 1.47 1.25
14 1.16 1.33 1.51 1.28
15 1.18 1.35 1.59 1.30
16 1.19 1.37 1.61 1.32
17 1.21 1.40 1.62 1.33
18 1.22 1.42 1.66 1.34
19 1.22 1.43 1.69 1.35
black 1.23 1.44 1.70 1.35
RED GREEN BLUE ,VISUAL
dark skin 1.01 1.26 1.52 1.17
light skin 0.72 0.96 1.13 0.87
blue sky 1.04 1.05 0.96 1.05
foliage 1.05 1.12 1.48 1.10
blue flower 0.84 0.98 0.81 0.93
bluish green 0.89 0.77 1.54 0.81
orange 0.73 1.05 0.98 0.93
purplish blue 1.08 1.19 1.29 1.15
moderate red 0.70 1.17 1.21 0.97
purple 0.99 1.26 1.36 1.16
yellow green 0.78 0.78 1.40 0.79
orange yellow 0.60 0.83 1.11 0.75
blue 1.20 1.32 1.42 1.28
green 1.07 0.99 1.55 1.03
red 0.70 1.29 1.42 1.03
yellow 0.56 0.74 0.96 0.68
magenta 0.65 1.12 0.91 0.93
cyan 1.08 1.02 0.69 1.04
white 0.61 0.65 0.66 0.63
neutral 8 0.72 0.77 0.79 0.75
neutral 6.5 0.82 0.89 0.94 0.88
neutral 5 0.95 1.04 1.14 1.02
neutral 3.5 1.07 1.21 1.38 1.17
black 1.19 1.36 1.63 1.31
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